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Are Biometrics Useful in Discriminating between closely-related Rubus L. 
Taxa? 
Keith Spurgin 
 
Abstract 
Members of the genus Rubus L., including the Brambles and Raspberries, are 
known as aggressive weeds and also as plants with beneficial traits. Several 
wild Bramble species have been improved or crossed to produce marketable 
varieties and some species are considered to be particularly valuable for their 
nutritional and medicinal properties. However, for the great majority of botanists 
they remain a taxonomic enigma. Traditionally batologists (Bramble specialists) 
have separated taxa mainly by morphological descriptions. Breeders and 
growers of economically important Rubus species use traditional written 
descriptions including biometric data, to supplement DNA analysis, drawings 
and photographs. The following study attempts to contribute to this body of 
knowledge and presents the results of statistical tests on data from first-year 
stem leaves. Three named species were compared and the means of some 
characters were found to be statistically significantly different, in agreement with 
identifications published by specialist writers and recorders. A further, 
provisionally named, taxon was compared with the group by Principal 
Component Analysis (PCA) and was statistically separated from it with 
reasonable confidence. A further PCA included data derived from one of the 
three grouped species collected from a single site. The outcome was less clear, 
suggesting that environmental factors could be responsible for or contribute to 
differentiation. All data were taken from virtual specimens, the majority of which 
were obtained from major collections. However, there is an information gap. 
Specimens on which taxonomic reliance has been placed frequently lack 
sufficient field data, including precise localities, habitat notes and details of 
flower structure. A methodology is proposed for fieldwork; as more systematic 
data collection would enable virtual specimens to be investigated with greater 
clarity. This would also enable information to be more readily shared, both 
nationally and internationally, with present and future students of the group.  
Key words: ANOVA, biometric analysis, morphometrics, Principal Component 
Analysis (PCA), Rubus botryeros, R. “carrickensis”, R. longithyrsiger, R. 
peninsulae 
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Chapter 1: Introduction 
The importance of the Rubi  
The genus Rubus L. (Rosaceae) includes the Brambles (also known as 
Blackberries) and Raspberries. They are serious weeds of cultivation and 
natural ecosystems, but also valuable as food plants, hosts and providers of 
habitats. Moore et al. (2003) place the Rubi among Australia’s most serious 
weeds because of their ability to spread, invasiveness, and consequent impact 
on the environment, which ultimately has a serious effect on the country’s 
economy. Unchecked, a few Bramble bushes can quickly multiply to form large 
and dense colonies, reducing the area and productive value of land under 
cultivation, harbouring pests such as foxes and, increasingly problematic, in 
their dry state providing fuel for wildfires. Control has depended partly on the 
ability to determine species in the field, as in one operation when specimens of 
Australian Brambles were identified by European specialists to facilitate 
eradication by a host-specific virus (Evans et al. 1999). The extent to which a 
single introduction can become a severe problem is reported by Renteria et al. 
(2012). The writers estimate that US $10 million would be needed to fund a 10-
year programme to clear R. niveus from Santiago Island in the Galapagos 
group. Marrs et al. (2013) include the Brambles in a small number of aggressive 
native plants, which may pose an equal (or possibly greater) threat to British 
woodland than introduced species. 
 
Conversely, species of the genus have been used by humans in husbandry, 
medicinally and as food, from at least 10,000 years BP (Hummer 2010). Ovid, 
according to the translation of Kline (2000), included Blackberries among the 
wild food species of his pre-cultivation “Golden Age”, while Pliny the Elder 
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asserted that the world would be covered by Brambles but for human 
intervention (Salmon & Shipley 1996). Several traditional uses of Brambles 
have survived into recent times. Stripped of their prickles, stems are still used 
for binding and weaving. Tom Aldridge, a member of a Cornish traveller 
community, wove Bramble stems between split Willow (Salix spp.) ribs to make 
durable baskets. The example shown in Figure 1 has been in use for 30 years. 
In Devon, Hilary Burns continues to use Bramble stems in this way (Basketry 
and Beyond 2012).   
 
Figure 1: Bramble basket by T. Aldridge 
 
 
© Geraldine Jones: permission to reproduce this image has been granted by 
Hilary Burns 
Rogers (2014) demonstrates how stems are used to bind hazel gads used as 
staples in thatching, and describes how they were formerly used to bind shocks 
of corn (Figure 2, p. 14). 
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Figure 2: Rubus stem binding Hazel (Corylus avellana) gads 
 
© Tim Rogers: permission to reproduce this image has been granted by  
the copyright holder 
 
The traditional method of stripping Bramble prickles was the laborious process 
of pulling stems through a metal ring, now replaced by a tin can punctured at 
both ends. Picking Blackberries for immediate consumption, culinary use or 
preserving is a well-known and still widespread seasonal activity with hunter-
gatherer associations. While not all archaeological deposits of Blackberry seeds 
in the British Isles can be positively traced to human use and in particular use 
for consumption, there is a continuous record from sites dated from prehistory 
to the post mediaeval period suggesting that in some cases the fruit was 
gathered and eaten (Tomlinson & Hall 1996). The communal pleasures of 
picking wild fruit may have declined over recent decades, but there has been an 
upsurge of interest in foraging; a Blackberry harvest of unknown but possibly 
considerable proportions is still gathered. Lee (2012) reports that, of the 
approximately 50% of visitors to the Eden Project’s 2009 “Wild Foods 
Weekend” event who were foragers, the majority (by 4 to 1) gathered only 
Blackberries and Sloes. Recipes frequently appear in books, newspapers and 
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magazines. Selina Bates’ Truro Pudding was based on R. “carrickensis” 
(O’Sullivan 2015); and Blackberries are recommended for consumption by 
people with diabetes as a source of fibre, antioxidants and vitamin C (Diabetes 
UK 2015). With their rose-like flowers and prickly stems, Brambles also provide 
food for thought; poems such as Here and there (Young 1950) and 
Blackberrying (Plath 1992) take Brambles as their theme and metaphor. The 
GCSE English syllabus includes Blackberry-picking (Heaney 1966) as a set 
text. The traditional ballad The Bramble Briar is traced to sources earlier than 
the 14th century version by Boccaccio, a work retold by John Keats in his 
narrative poem Isabella, or the pot of Basil (Vaughan Williams & Lloyd 1959), 
which in turn inspired Holman Hunt to paint his Pre-Raphaelite masterpiece 
depicting the same subject.  
 
Verma et al. (2014) report a very wide range of uses to which the roots, leaves 
and berries of Rubi have been put, in the treatment of (for example): dysentery, 
labour pains, toothache, whooping cough and colitis. The chemical analyses of 
Abu-Shandi et al. (2015) confirm the presence in Brambles of constituents 
found in most medicinal plants. The writers identify their material as R. 
fruticosus, the aggregate term for all the Brambles, and do not name individual 
species. However, some well-known named species are commercially 
important. R. coreanus (Bokbunja, also Korean Black Raspberry) has received 
a good deal of attention as a high antioxidant species used increasingly in the 
treatment of some cancers (Kim et al. 2012). While breeding programmes have 
concentrated mainly on Raspberries, several wild Brambles have been 
improved or crossed to produce marketable varieties. In 1897 the introduction to 
Britain of the Blackberry-Raspberry hybrid Loganberry from North America is 
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thought to have stimulated interest in breeding, carried out at Long Ashton 
Research Station and the John Innes Horticultural Institution. Several British 
cultivars have been developed from 1901 onwards, including Mahdi, 
Veitchberry and, bred from the latter, Laxton’s Bedford Giant. Long Ashton 
Cross is said to have a good flavour (confirmed during fieldwork in Somerset) 
and the hybrid (R. ulmifolius Schott var. inermis X R. “thyrsiger” = hastiformis 
W.C.R. Watson) combined a thornless stem with well-flavoured fruit (Roach 
1985). Clarke and Finn (2011) describe the procedures used in crossing 
subjects originally derived from wild populations to produce over 400 currently 
named cultivars. Techniques are described as “classical” and are largely based 
on traditional methods (for example emasculation, bagging and brush 
pollination). Traits examined for selection include disease resistance and plant 
architecture. The writers point out that research based on molecular 
investigations had so far played a relatively minor role in Blackberry breeding. 
Strik et al. (2007) report that in 2005 the annual global production of 
Blackberries was 140,292 tonnes, with wild species making a significant 
contribution to the overall yield, and the United Kingdom among the major 
European producers. The increase in the world production of Brambles is 
described as “remarkable” by Clark and Finn (2014), who do not however quote 
annual global tonnage. Boersma et al. (2006) found that in 2003 honeybees 
produced 1,474 tonnes of honey from Blackberry flowers in Washington State, 
U.S.A. In a study on the effect of the invasive R. armeniacus on breeding birds 
however, ecological gains were outweighed by losses (Astley 2010). Graham 
and Woodhead (2011) also conclude that invasive Rubi damage ecosystems 
but maintain that wild species represent a valuable genetic resource. They also 
consider that taxonomy is needed both to help control invasive species and to 
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assist in harvesting germplasm for breeding programmes, as a resource against 
climate change and to help meet economic pressures. 
 
Breeders and growers of economically important Rubus species have benefitted 
from traditional written descriptions including biometric data, to supplement 
drawings and photographs. Lee et al. (2014) describe how R. occidentalis, a 
wild species native to North America was mistaken for the medicinally and 
commercially important R. coreanus, referred to above (p. 15). As a result it was 
found that 10,000 farmers, a large majority of producers, were growing the 
wrong crop, despite the clear morphological differences that exist between the 
two species. The writers call for the involvement of well-trained plant 
taxonomists and cite previous authors (Miquel 1867; Keep et al. 1977; & Lee et 
al. 2013) as sources of biometric details. The potential use of wild species in 
breeding programmes has been pointed out by Jennings (1978), who described 
the South American Blackberries as a “reservoir of germplasm”. Marualanda et 
al. (2012) report on some of the research carried out since that date. Species 
studied include R. glaucus (Andean Blackberry), an economically important 
crop for small farms in the northern Andes. The writers conclude that gene flow 
occurs in both directions between wild and cultivated taxa, and that wild species 
continue to provide potential genetic material for breeding programmes. An 
example of the use to which wild genetic resources can be put is found in Ellis 
et al. (1991), who state that Blackberries are more resistant to disease than the 
economically more important Raspberries. A well-known example of a highly 
successful cultivar, the hybrid R. X loganobaccus (Loganberry), referred to on p. 
15 above, originated as a chance cross between two cultivars: the Blackberry 
R. ursinus “Auginbaugh” and the Raspberry R. idaeus “Antwerp” (Darrow 1955). 
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The Loganberry has good disease resistance and produces a large fruit (Hood 
1919). 
 
Following the involvement of European taxonomists in Australian Bramble 
control, Evans & Weber (2003) identified R. anglocandicans as the most 
common invasive European Rubus species on the continent. They report that in 
a situation similar to that of the misidentification of Bokbunja, the invasive 
Bramble cultivar R. armeniacus (Himalayan Giant) was being mistaken for R. 
anglocandicans, a wild European species from the same Rubus group, the 
Series Discolores. The writers published a taxonomic revision, to advise 
management agents responsible for Bramble control, based on morphological 
and DNA analyses, and included an illustration and a set of diagnostic 
characters for further guidance. Species identification, the writers contend, 
assists those responsible for weed control to refine their strategy. Aghighi et al. 
(2014) describe R. anglocandicans as one of the 20 original weeds of national 
significance in Australia. Following the introduction of several strains of the Rust 
species Phragmidium violaceum in the Manjimup region of western Australia, a 
substantial decline syndrome among treated R. anglocandicans was observed. 
The decline, described by the authors as a “crash”, is held to be an event 
unique in its severity, but subject to many factors, including riparian inundation, 
that require further investigation. However, the research team is studying a 
named species and their observations are clearly more valuable as a result. R. 
anglocandicans was recognised as a new species and named by Newton 
(1977). Alan Newton, an English batologist, was among the European 
specialists called on to assist the Australian team working on Bramble control 
(Evans et al. 1999). A theme developed in the foregoing account is the evident 
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need among breeders, growers, land managers and all those with a commercial 
interest in Brambles, to be advised by specialists, including field botanists, 
whose experience in investigating the genus can assist in identifying Rubus 
taxa. 
 
Biometrics 
In this account the term “Biometrics” is used in the sense of its synonym 
“Biostatistics”, which is defined here as the use of statistical techniques to 
investigate biological questions. It is also used in the sense of “the 
measurement of organisms”. Among publications recording the development of 
biometric theory in the first half of the 20th century, the popular work by 
Anderson (1952) inspired field botanists to contribute to the scientific study of 
the biosphere by measuring and counting plants and their component parts. It 
dealt with practical themes such as the apparent “dump heaps” of western 
Mexico which were in fact carefully managed gardens and orchards. Variation in 
Quercus Oak populations in Scotland was examined using raw data by 
Cousens (1963), but by the 1970s Principal Component Analysis (PCA) was in 
use as a statistical method of discriminating between closely related taxa. 
Rushton (1978) demonstrated how it could be used to examine whether 
material could be ascribed to one or other of two species of Quercus or to 
intermediates. Numerical expressions were recorded either by counting (e.g. 
number of leaf lobes), measuring (e.g. leaf length), as scores (e.g. 0-4 to rate 
the “strength” of a leaf auricle) or by ratio - all resulting in a numerical character, 
which could be manipulated as part of a statistical process. PCA was used by 
Blackstock & Ashton (2001) to distinguish between a population of the very rare 
Carex flava Large Yellow-sedge and related taxa; and in Dean & Ashton (2006) 
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PCA was again used – as a method of determining the identity of a form of the 
very rare Estuarine Sedge previously considered to be a hybrid between that 
species and Slender Tufted-sedge. In both studies the PCA shows clear 
separation between the subject taxa. Cowan et al. (2008) used PCA to compare 
DNA and morphological data from the Sorbus taxon “Menai Strait” with those 
from other species and taxa in the same genus. The genus Sorbus is a critical 
group in the same family (Rosaceae) as the genus Rubus. PCA was therefore 
considered appropriate to the present study as a method of comparing R. 
“carrickensis” with the group of three accepted Radulan species.  
 
Taxonomy  
Rubus - A complex genus 
Watson (1958) reassured his botanical colleagues that there was no problem 
with swarms of hybrids and endless written descriptions to puzzle students of 
the genus Rubus. At the same time, he acknowledged that the British and Irish 
Rubi had become subject to confusion and dispute. He maintained that 
determinations were often made from specimens of dubious quality and implied 
that students of the Brambles were insufficiently aware of the effects of the 
environment, not only soil and shade but the summer’s weather or the cutting 
back of a hedgerow. Watson was determined to describe nature as it was, 
rather than (as he seemed to fear) others wanted it to be. However, 30 years 
later Brambles of the British Isles (Edees & Newton 1988) brought a new 
system into being, one that excluded many of Watson’s species. Twenty-seven 
years later still it remains the operative handbook of the genus Rubus in the 
British Isles, a works manual for the field botanist. It may come as a surprise to 
learn that all 311 of the detailed species descriptions were based on herbarium 
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specimens. More recently the Brambles, described as “intractable”, and long 
recognised as a highly complex group, have been characterised as a large, 
probably uncountable, assemblage of biotypes (Kurtto et al. 2010). Mainly 
apomicts, they are also capable of occasional hybridisation and speciation 
(Holub 1997), giving them a powerful genetic base. Most species produce 
copious fruit, which allied to extreme vegetative vigour, enables them to spread 
far and to hold on tenaciously in many types of habitat. They particularly flourish 
on heaths and in woodlands, especially wood edges, and in all manner of 
cultivated (and waste) land. Micro environments such as occur in Cornwall 
following metalliferous mining, arsenic and gunpowder manufacture, the 
formation of field systems enclosed by earth-core walls, china clay extraction, 
forestry and quarrying, superimposed on a landscape of moorland and river 
valleys, the latter especially to be found along the ria-intended southern coast, 
provide many corridors and niches for speciation to occur. As will be described 
in more detail below, Cornwall is the central ground of a distinct Bramble florula 
(the Cornubian) spreading into Scilly, Ireland and north western France. Despite 
the great number of biotypes and consequent taxonomic difficulty, the Brambles 
continue to be studied, partly for the benefits to be derived from cultivation, 
partly to control their extreme invasiveness; and by batologists probably also for 
the challenge they present.  
 
This study was inspired by and arose from an interest in naming and recording 
the Cornish Brambles. A particular difficulty was apparent when it became 
obvious that certain microspecies were easily identifiable, while it was often 
difficult to assign other forms to a recognised species or even to a sub-group of 
the genus Rubus. As an illustration: two clear-cut species, R. cornubiensis 
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(Rogers ex Riddelsd.) Rilstone and R. rilstonei W.C. Barton & Riddelsd., are 
very common in central and West Cornwall, thinning out eastwards and absent 
from most of Britain and Ireland. The stem-leaves of the two species are clearly 
different from each other as shown in Figure 3. The species are easily 
recognisable in the field and specimens can usually be determined with 
confidence.  
 
Figure 3: Stem leaves of (left) R. cornubiensis and R. rilstonei 
 
 
R. cornubiensis Newlyn East, West Cornwall, v.c. 1, July 1908, W.M. Rogers;  
R. rilstonei Perran-ar-worthal, West Cornwall, v.c. 1, July 1911, F.H. Davey 
Images are freeware, courtesy of HerbariaUnited http://herbariaunited.org 
 
In addition to the leaves and barren stems, the inflorescences of the two plants 
are easily separated from each other, the pink, broad, cupped petals of R. 
cornubiensis contrasting strongly with those of R. rilstonei, which are white, 
narrow and noticeably separate. The three subject species however are much 
more closely aligned, and finer characters have been used to distinguish them. 
The following account traces the development of infrageneric classification in 
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the British/Irish Rubus flora and illustrates how successive authors have treated 
the three species under consideration. 
 
The Brambles - a genus divided 
Faced with the multiplicity of Rubus forms, botanists initially grouped them 
under a single name, R. fruticosus (Weber 1996). From the time of Ray (1660) 
English writers, notably Smith (1824), included the Rubi in local and national 
floras. However, from the 1820s onwards attempts to classify the British and 
later the Irish Rubi were hindered both by their inherent complexity and by the 
acceptance of European names for taxa that were in fact distinct entities (Edees 
& Newton 1988). The first batologist to publish an extended classification was 
Lindley (1829), who adopted 16 of the 49 species published by Weihe and 
Nees (1822-1827) in their monograph Die deutsche Brombeersträuche (The 
Brambles of Germany). Of his 10 remaining names two had been previously 
published by British botanists, three were now published by Lindley himself and 
five were Linnean species, and therefore already established. His arrangement 
was a hybrid – part diagnostic key and part attempt to align similar species 
within sub-groups. The key consisted of five “divisions” into which his named 
groups, the Corylifolii and the Fastigiati, fitted awkwardly or not at all. Lindley 
(1835) was hurt by the adverse reception this arrangement received and was 
soon writing that he had worked out a new system – a set of “sections”. Three 
of the five groups were already well known: the Raspberries, the “suberect” 
species and the Dewberry along with forms that resembled it. There followed 
plants with white undersides to the leaves and a further less well-defined group. 
The student was left to choose whether to “lump” a specimen into a Section or 
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to “split” material into species. This arrangement was destined to attract further 
criticism, which it duly received (Babington 1869).  
 
Bentham (1858) followed Lindley, calling his five sections “Series” – but, a 
pragmatist, suggested that the British/Irish flora could be reduced to five 
species. At the same time Müller (1858) published 51 species from the area 
surrounding a single town, Weissenburg am Rhein (now Wissembourg). In the 
following year his trial monograph of the French and German Brambles listed 
235 species (Müller 1859).  
 
Babington (1869) was the first botanist to write a major work on the Brambles of 
Britain and Ireland, which he had been studying for at least 35 years (Babington 
1897). His arrangement was by his own admission artificial and ill defined, but 
clearly separated the “Dewberry group” with stems tending to sprawl rather than 
arch, and the “Suberecti”, which have more upright stems. 70% of Babington’s 
species, those that are most numerous but also most difficult to separate, were 
aligned in three main groups. R. longithyrsiger (as its synonym R. pyramidalis) 
was placed in the sub-group Bellardiani (Table 29, p. 177). The other two 
species in the present account had not then been described. Edees and 
Newton (1988) are highly critical of this emergent phase of study and indeed 
self-doubt pervades what Babington himself calls an “essay”. 
 
Rogers (1900) divided the genus into two Sections, which he further split into 
Subgenera, of which the Eubatus (the “true” Brambles) comprised all but three 
of the 98 species described. This Subgenus is presented in 14 groups (Table 
30, p. 178), separated by characters that Rogers admits overlap and are 
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therefore not entirely reliable. The Rhamnifolii (“Buckthorn-leaved” Brambles), 
he remarks, can scarcely be told apart from the Villicaules (“Shaggy-haired” 
Brambles). He describes the latter group as “usually” hairy but “often” only thinly 
so, to the point where a specimen might be completely hair-less, negating the 
utility of the character. At this time R. botryeros was being recorded both as R. 
oigocladus (which is also found written as oigoclados) and as a variety of R. 
longithyrsiger. It thus appears twice: in the Radulae and, along with its parent 
species, in the Sub-Bellardiani. R. peninsulae had not been recognised at this 
stage. Many more species were described until the proliferation of names led to 
the genus becoming overwhelmingly large and unmanageable (Eriksen 2005). 
 
In France and Germany further and more ambitious accounts were published, 
Sudre (1908-13) describing the Brambles of Europe and Focke (1914) the 
genus worldwide, the authors adopting different taxonomic arrangements. 
Focke dealt with the ever-increasing and perplexing number of described forms 
mainly by adopting the “circle-species” concept. This is a framework of what it 
was hoped were easily recognised taxa on which could be arrayed other forms, 
entities which may or may not eventually be named as species (Newton 1980). 
Watson (1958) published his own system for the British and Irish Brambles, 
which while it was over-elaborate did follow a logical sequence: 
Genus/Section/Series, each of these three main divisions with its own sub-
group (Table 31, p. 178). He agreed with Rogers (1900) that some species 
defied classification. In Watson’s arrangement R. longithyrsiger was placed in 
the Series Appendiculati, Subseries Scabri. He refused to acknowledge 
Rilstone’s R. peninsulae except as a synonym of R. truncifolius, which is also 
listed in the Subseries Scabri. R. botryeros was maintained as a variety of R. 
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longithyrsiger, but only as a synonym of R. obcuneatus, which appears in the 
separate Subseries Obscuri. The number of described species had now risen to 
388.  
 
Edees and Newton (1988) reduced the number of species to 311 and simplified 
how they were arranged, while retaining most of Watson’s headings: Genus, 
Subgenus, Section, Subsection and Series (Table 32, p. 180). The writers 
rehabilitated R. botryeros, now at species level, and R. peninsulae, placing 
them with R. longithyrsiger in the Radulae. Further new species were described, 
Ellis (2007) listing 373 Rubus names for Britain and Ireland, of which he 
considered 24 to be dubious, hybrids or synonyms of previously named 
species. 
 
Kurtto et al. (2010) maintain the three species in the same group, but one 
separated from the Radulae, Watson’s Subseries Pallidi (Table 34, p. 182). The 
number of species is reduced, those of only limited distribution having been 
omitted, for instance R. carnkiefensis, R. sagittarius and R. wolley-dodii. 
Conversely Sell and Murrell (2014) reinstate these species, which include R. 
putneiensis, of which Newton was heard to remark that it was probably extinct, 
if indeed it had ever existed. Together with new species described over the 
preceding 25 years, this latest treatment lists 345 species (Table 33, p. 181). 
 
The complications of the journeys made along these taxonomic pathways are a 
reflection of the difficulties experienced by specialists, authors and field 
botanists in naming and recognising specimens as species. However recent 
developments in recording and analysing data should be of help to field 
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botanists, who in turn are currently better able than ever before in the history of 
botanical exploration to assist in contributing towards taxonomic research, even 
in such a complex group as the Rubi. 
 
Identifying Brambles 
Traditional Rubus Taxonomy 
A considerable problem is the occurrence of local biotypes, so numerous that to 
attempt to classify them would be taxonomy ad absurdum according to Kurtto et 
al. (2010). If those with a distribution of < 30 km diameter were included, the 
writers estimate that the European Rubus flora would expand beyond the 
present species count of c. 750 to c. 10,000. A further argument is presented 
against treating even widely distributed biotypes as species. The progeny of a 
single putative hybrid (R. bifrons Vest X R. hirtus Waldst. & Kit. agg.) was found 
to be so variable that on the basis of their morphology each individual could 
have been placed in one of six different Series (Maurer & Weber 2000). The 
authors state that such biotypes, if occupying a wide geographical area, are 
regarded as species according to current taxonomy. However, species status 
by distribution has been challenged by Haveman & de Ronde (2013), who 
argue that evaluation should be based on whether the biotype represents an 
independently evolving lineage, even if its distribution very limited. Most field 
botanists are in any event still reluctant to record the Rubi at all, except in the 
aggregate sense as R. fruticosus, finding the number of existing species, 
approximately 90 in Cornwall alone (French 2014), too many to contemplate. In 
addition to the sheer weight of numbers the time factor in gaining confidence in 
identification needs to be taken into account. Stace (2010) comments that 
considerable experience is needed to achieve expertise. 
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From the earliest detailed accounts (Weihe & Nees 1822-1827), descriptions 
have been based on a close examination of the first year’s stem (the 
“primocane”) and the inflorescence. Data include the colour of floral parts, 
description of leaves, stems and their armature (prickles, pricklets and acicles), 
presence and abundance of these organelles, and of hairs and glands of 
various lengths and whether (in the former case) single, tufted or stellate, and 
the shape of leaflets and inflorescences. Specialists began by separating 
species using loose morphological expressions, the earlier important reference 
works using hardly any biometric data (Table 1). 
 
Table 1: Biomorphic descriptions in earlier works 
 
Publication 
 
 
Size 
 
Dimension 
 
Number 
 
Degree 
Babington (1869) enormous short 
long 
  
  
few 
many 
1-flowered 
5-petalled 
 
very 
rather 
nearly 
slightly 
Rogers (1900) small short 
long 
narrow 
2 or 3 feet 
great length 
  
3–nate 
1 or more 
5-petalled 
2 or 3 
no less  
than 4 
 
Rather 
nearly 
less 
¼ - ⅓ its length 
   
Watson (1958) very large short 
long  
narrow 
 
3 (4, 5)–nate  
petals 7-8 
  
about 
wholly 
  
 
Descriptions made of the same feature by different authors can also present 
difficulties in identifying species. The colour described for the underside of the 
stem-leaves of R. pyramidalis varies as follows: “greenish” (Rogers 1900), 
“green” (Sudre 1909), “ash-grey becoming green” (Focke 1914), “green, upper 
leaves greyish” (Watson 1958) and “grey” (Weber 1995), the character 
29 
managing like a chamaeleon to change colour through the decades. Edees and 
Newton (1988) were the first British batologists to systematically include 
biometric data such as terminal leaflet length and breadth. Following Rogers 
(1900) and Watson (1958), they also constructed a set of dichotomous 
identification keys which, even though clearly the result of much labour, is 
difficult to use (Norton 2012), and detailed descriptions of each species of the 
British Bramble flora. The biometric data include the number of leaflets, the 
number of prickles per 50 mm of the primocane, and the length and breadth of 
petals. Terminal leaflets and sometimes lateral leaflets are compared in length 
with leaflet petiolules but none of them are measured. Some data including 
colour are difficult to confirm on a given specimen: the pinkness of petals can 
fade quickly; and prickles described as “reddish-purple with yellow point” may 
lack the yellow point or be yellowish throughout, the latter particularly where the 
colour has faded. The attitude of the primocane, whether high- or low-arching, 
may not be discernible in the field (because of surrounding vegetation), and is 
rarely recorded. Some morphological characters are described subjectively, for 
example the rachis of R. adscitus has a “peculiar zig-zag look” compared with 
that of R. prolongatus. Although more recent monographs (Edees & Newton 
1988; Sell & Murrell 2014) are easier and more effective to use than Watson 
(1958), difficulties remain, especially when deciding, for example, which sub-
key to select when a choice has to be made between “subequal” and “unequal”, 
or where descriptions are qualified with “sometimes”, “often” or “usually”. 
Apparently impossible to avoid, these terms suggest overlapping or blurred 
distinctions much as admitted in their day by Babington (1869), Rogers (1900) 
and Watson (1958). 
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The subjective element in taxonomy is even more problematic given the 
continuing controversy surrounding the definition of species (Hausdorf 2011), 
who describes the potential challenge to existing biological species concepts 
presented by emerging phylogenetic studies. It is anticipated that the Rubi will 
especially susceptible to re-ordering as has already happened, the British/Irish 
species being constantly placed into new, or different, or resurrected Series 
(Rogers 1900; Watson 1958; Edees & Newton 1988; Kurtto et al. 2010; Sell & 
Murrell 2014). 
 
Transitional Rubus Taxonomy 
The term “Transitional Taxonomy” in relation to the Rubi could be used to 
describe several turning points or at least times of relatively rapid change, but 
surely the most rapid and far-reaching began in the early 1990s when Nybom 
and Hall (1991) grouped Rubus cultivars by minisatellite fingerprinting and 
inferred from the results the degree to which they might be related. This was 
followed by a comparison between biometric- and DNA-derived data, in a study 
of wild Rubus species (Kraft & Nybom 1995), which achieved partial success in 
confirming the traditional view of the species tested. Soon afterwards Alice and 
Campbell (1999) launched a full scale DNA analysis of 57 taxa, comparing the 
results with the arrangement created by traditional taxonomic methods and 
producing a cladistic analysis. Few statistical studies of Rubus biometrics have 
been made and none of material from Britain and Ireland. The most recent full 
account of the British/Irish Brambles is that of Newton and Randall (2004). It 
displays distribution maps of 330 taxa including new species described since 
those listed in Edees and Newton (1988). Stace (2010) admits 334 
microspecies but describes the 11 Series into which the majority of these taxa 
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have been grouped as “ill-defined”. Kurtto et al. (2010) exclude taxa of limited 
distribution and reduce the list to 290 species. However, there is broad 
agreement that the group is among the most taxonomically complex and difficult 
in the European flora. Király et al. (2013) go further and contend that it is the 
most complicated genus among the vascular plants. In the face of the difficulties 
described, the possibility of achieving agreement as to the identity of Rubus 
taxa might appear remote. Yet the impressive account by Weber (1995) of the 
Bramble flora of central Europe contains keys, descriptions and in addition 
finely detailed drawings of each species. A considerable effort would be 
required to publish a work of such authority describing the British and Irish Rubi. 
While Taylor (2005) wrote the first detailed study of a Bramble of the British 
Isles, his account of R. vestitus remains the sole full-scale examination of a 
member of the Rubus flora of the Britain and Ireland. Reflecting on what is very 
much a theme in the study of the Rubi, he includes the observation that much of 
the literature tends not to distinguish his subject species from the generalised R. 
fruticosus aggregate.  
 
Modern Rubus Taxonomy 
Hollingsworth (2012) states that DNA barcoding could launch the most 
significant project in biology but echoes another theme in this account by 
concluding that DNA sequence data would have no value unless supported by 
morphological data and ecological information. He sees an immediate need for 
reference databases, which he describes as “DNA ready” herbaria, to improve 
sequencing technologies. This, together with other reports cited here, provides 
evidence that biometric analyses co-exist, or should co-exist, alongside recently 
developed methods of studying the Rubi (Evans et al. 1999; Kim et al. 2012; & 
32 
Lee et al. 2014), and supports the view that there is a place in modern Rubus 
taxonomy for morphological investigation and for the necessary field and 
herbarium studies needed to obtain the data.  
 
In addition to underpinning taxonomy, preserved specimens are a rich source of 
data for biographers, historians and scientists across a broad research 
spectrum. Primack et al. (2004) describe their use in climate change studies; 
Eloff (1999) proposes that examining material up to 100 years old may be a first 
step in evaluating plants used in traditional medicine; while Case et al. (2007) 
used herbarium specimens to document the decline of the endangered Panax 
quinquefolius (American Ginseng). Ratnasingham and Hebert (2007) however, 
in a much-cited article, describe a bioinformatics “chasm”, which the BOLD 
system has been devised to bridge, by making available molecular data, 
together with details of biological morphology and distribution; access is online 
and free, subject to certain restrictions (Ratnasingham and Hebert 2014). Of the 
259 Rubus taxa to have been barcoded few British/Irish species are listed and 
none of those represented in the present study. Brief collection details are 
provided, but no morphological data were apparent in a sample of 10 
specimens inspected. Information on many of the taxa listed by BOLD were 
mined from GenBank (NCBI 2015) where DNA sequence data are supported by 
links to the relevant literature. The collaborative system spans 120 
organisations from 45 countries, and aims to barcode all eukaryotic life (which 
includes the Rubi and humans) by 2035. This is a more encouraging view than 
that expressed by Bawden and Robinson (2009), for whom the genus Rubus 
could already have attracted too much data; but barcoding the Brambles would 
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require an astronomically greater level of attention from field botanists than has 
so far been given to the genus.  
 
While the expertise to make fine distinctions between closely allied taxa can be 
gained by individual study and practice, there is a point beyond which it is very 
difficult to make effective progress without undertaking a course of academic 
study. This point was reached when examining a group of three species in the 
Series Radulae: R. botryeros, R. longithyrsiger and R. peninsulae. Some of the 
difficulties expressed by specialists and students of the genus are: 
  The grouping of species into Series is artificial and has been frequently 
revised, most recently by Kurtto et al. (2010) and Sell & Murrell (2014) 
  The keys used to separate Series and individual species are difficult to 
use (Norton 2012) 
  Nomenclature is extremely complex and in some cases contentious 
(Newton 2009) 
  What constitutes a recordable species is arbitrary and subject to debate 
(Holub 1997; Kurtto et al. 2010; Haveman & de Ronde 2013) 
  Expert opinion on identification frequently differs (Edees & Newton 1988) 
  Visual data are often inadequate (Randall 2012) 
 
The Cornubian Rubus florula 
The Cornubian Rubus florula has received considerable attention from resident 
batologists including T.R.A. Briggs, F.H. Davey, W. Tresidder, C.C. Vigurs, F. 
Rilstone, L.J. Margetts, R.W. Gould and D. Allen. Visiting experts include C.C. 
Babington, W.O. Focke, W.M. Rogers, H.J. Riddelsdell, W.C. Barton, W.C.R. 
Watson, E.S. Edees, A. Newton, D.E. Allen, A.L. Bull, D.P. Earl, M. Porter, G. 
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Halliday, D. Mercier and R.D. Randall. Most if not all are authors of species 
names, monographs and floras. Babington paid frequent visits to Cornwall and 
Briggs recorded and collected in East Cornwall for his Flora of Plymouth (Briggs 
1880). He invited W.M. Rogers and W.O. Focke to study the local Brambles and 
in the early 1900s Rogers met and worked with F.H. Davey and other Cornish 
botanists (Davey 1909). The involvement of A.O. Hume, from 1899 a patron of 
Cornish botany and in 1912 founder of the South London Botanical Institute 
(SLBI), led to continued interest in the genus and enabled an important 
collection of Rubus specimens to be added to the herbarium of that institution, 
many of them from Cornwall. Barton and Riddelsdell visited Cornwall from the 
1920s and carried out fieldwork with Rilstone and his associates 
(HerbariaUnited 2015). Rilstone and Edees communicated into the 1950s and 
Edees gave encouragement to Margetts who in turn has inspired other 
botanists including the present writer.  
Newton and Randall (2004) describe the Cornubian florula as being centred on 
and extending west of the Exe to Land’s End, Scilly and southernmost Ireland. 
The purely Cornish element has a very high percentage of endemic and near-
endemic species, as an isolated area having an extensive coastline, bordered 
on the east by Dartmoor and Exmoor. It is not surprising therefore that it has a 
distinctive Rubus flora. In Cornwall and Scilly (Cornubia) as in many other parts 
of Britain and Ireland, considerable material has already been collected and 
named. However, Edees and Newton (1988) are convinced that the Rubus flora 
of Cornubia differs significantly from that of the rest of Britain. Cited as falling 
within one of the two richest areas of northern Europe for native Brambles 
(Kurtto et al. 2010), Cornwall and Scilly have more than 90 Rubus species 
currently listed in the ERICA database French (2014). Poland, with an area 
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roughly 90 times greater than Cornwall and Scilly, has been reported as having 
a similar number of species (Zieleński et al. 2004). The landscapes of Cornwall, 
heavily altered by mining and changes in land use, provide a mosaic of habitats 
where speciation can occur (Newton & Randall 2004). Edees and Newton 
(1988) point out the richness of the Cornubian Bramble florula while predicting 
that a number of Devon and Cornwall local biotypes – species in the making as 
described by Holub (1997) – remain to be described. More recently Newton 
(2010) has expressed doubts as to whether actual additions to the “formidable” 
complex of Cornish Brambles would be welcome. He adds that all species with 
a sufficient distribution have been named and new species would only be 
accepted if a very well evidenced case could be made. The nature of the 
evidence has not been specified, but as has become apparent from the 
foregoing account, it should include distributional and ecological details, the > 
30 km range suggested by Kurtto et al. (2010), site notes and biometric 
information. Meantime R. botryeros, R. longithyrsiger and a third species, R. 
peninsulae, together with “simulants” (taxa resembling these named species 
mainly collected by R.W. Gould and investigated by R.D. Randall), form a sub-
group of the Radulae that require further investigation. Notes made by D.E. 
Allen on the cover of the R. longithyrsiger collection in the herbarium of the 
British Museum describe three forms of the species: 
  The “North Wales” plant (that is, the type specimen from Llanberis 
collected by Babington in 1847, on which the species name is founded) 
  A Plym Valley, Devon form with a different leaf shape and conspicuously 
red styles, and 
  A further variant, common in Stover Country Park, Devon 
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The above forms may include an entity entitled R. longithyrsiger “small form”, 
detected by Rilstone (Randall 2014). These observations are of interest as 
Newton & Randall (2004) propose that R. longithyrsiger may be a progenitor of 
many of the Cornish near-endemics in the Series Radulae. R. botryeros is also 
variable, as shown by notes on two forms on herbarium sheet “Rilstone 372B” 
in the British Museum. The collection details are: roadside opposite Sandplace 
railway station in the East Looe Valley, East Cornwall, v.c. 2, 7 July 1926. 
Rilstone describes the variation as follows: 
  Most of the forms in the Looe and Polperro area (East Cornwall, v.c. 2) 
are greyish and rather softly hairy with acuminate terminal leaflets 
  In Perranzabuloe and neighbouring parishes (West Cornwall, v.c. 1) 
there are darker forms, harsh to the touch and with abruptly cuspidate 
terminal leaflets  
No varieties of R. peninsulae have come to light following an examination of the 
literature and herbarium specimens. It has a much more circumscribed 
distribution and may be of more recent origin. 
 
Chapter 2: Analysis of Herbarium Specimens 
Subjects 
This quantitative study was based on an examination of three Bramble taxa 
considered by specialist recorders and writers to comprise a closely related 
group of species within the Series Radulae (Edees & Newton 1988; Newton & 
Randall 2004), alternately included in the Series Pallidi as listed by Kurtto et al. 
37 
(2010) and Stace (2010), of the genus Rubus L. (Rosaceae), and the further 
taxon possibly related to those species: 
  R. botryeros (Focke ex Rogers) Rogers 
  R. longithyrsiger Lees ex Focke 
  R. peninsulae Rilstone 
  R. “carrickensis” 
The respective abbreviations used in this study are Rb, Rl, Rp and Rc. Material 
of R. longithyrsiger from a single site is abbreviated as Rl1. R. “carrickensis” is a 
vigorous and large-fruited Bramble, which has been tentatively referred to both 
R. peninsulae and, as a local form, to R. botryeros.  
 
R. longithyrsiger Lees ex Focke  
This species was first described by Babington (1848), who collected specimens 
from Llanberis, Sir Caernarfon, North Wales, on 17 August 1847. It was 
published as a new variety, pyramidalis, of the continental species R. guentheri. 
Scarcely any biometric data accompanied the description, terms such as 
“many”, “rarely” and “mostly short”, being used to describe characters including 
hairs, glands and prickles on the primocane and inflorescence. Babington noted 
that the first year’s stem trailed along the ground and described the flowering 
branches as “beautiful and conspicuous”. The recognition and naming of the 
British and Irish Rubi were in their early stages and Babington (1849) soon 
elevated the new taxon to species level, choosing the name R. pyramidalis, 
synonymous with the varietal name. It was clear that insufficient information 
accompanied most Rubus collections as in the same article Babington calls for 
collectors to supply specific details, including the attitude of the first year’s stem, 
the colour of sexual organs and other characters that would be difficult or 
38 
impossible to observe after specimens had been pressed. In the same article he 
also records that he found the same plant on the Carclew estate in West 
Cornwall, v.c. 1 – a considerable distance, 370 km, from the type locality in 
Llanberis. The name R. pyramidalis had been bestowed to describe the 
enormous pyramidal inflorescence, of which individual side shoots were often 
as large as the entire floral branch of other species (Babington 1869). The 
name continued to be used until Babington (1878) recognised that another 
continental species had previously been so named by Kaltenbach and therefore 
had priority. Babington appeared reluctant to accept the name R. longithyrsiger 
Lees, proposed by Focke (1877), but this, the present name, was finally 
published in Focke (1885). Rogers (1895), collating Babington’s last and 
posthumously published account of the Rubi, cited Babington as the author of 
R. longithyrsiger. This may bear weight, as the International Plant Names Index 
(Gandhi 2005) cites “Lees ex Bab.” as the authors of the name. Edees & 
Newton (1988) and Kurrto et al. (2010) cite R. longithyrsiger Lees ex Focke. It is 
ironic that neither E. Lees nor W.O. Focke were either first finders of the plant or 
had first reported and described it. The distribution of R. longithyrsiger in Britain 
and Ireland is shown in Figure 4 (p. 39). The species has also been recorded 
from North West France (Kurrto et al. 2010). Newton and Randall (2004) 
describe R. longithyrsiger as a major constituent of the “Lusitanian” Bramble 
flora, possibly ancestral to many Cornish near-endemics in the Series Radulae. 
Babington (1878) refers to the marked abundance of this species in the 
Plymouth area, as recorded by Briggs (1880), who notes several features of the 
living plant, and provides some ecological details. It “delights”, he observes, in 
damp, shady places. It is the most common and widely distributed of the three 
subject species 
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Figure 4: British & Irish distribution of R. longithyrsiger Lees ex Focke 
 
© Botanical Society of Britain and Ireland: permission to reproduce this image 
has been granted by the copyright holder 
 
Figures 5 & 6 (pp. 40 & 41) show historic and recent collections respectively.  
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Figure 5: Lectotype specimen of R. longithyrsiger Lees ex Focke 
 
 
© Cambridge University: permission to reproduce this image has been granted 
by the copyright holder 
Llanberis, Sir Caernarfon, v.c. 49, C.C. Babington, 17 August 1847 
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Figure 6: Specimen of R. longithyrsiger Lees ex Focke from type locality 
 
 
Between the southern road and Llyn Padern, Llanberis, Sir Caernarfon, v.c. 49, 
K.S. and S. Bates, 6 August 2013. 
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R. botryeros (Focke ex Rogers) Rogers  
Briggs (1880) was keeping another Bramble under observation, writing that he 
had recorded it as the continental R. lejeunei, but that it appeared to him to be 
between R. “mutabilis” and R. longithyrsiger. R. lejeunei has not been reliably 
recorded from Britain and Ireland, and R. “mutabilis” is not recognised as a 
species (Kutto et al. 2010). However, the reference to R. longithyrsiger was 
interesting and reveals Briggs’ critical ability, as for nearly 30 years his new 
plant and R. longithyrsiger were considered to belong to the same species 
(Rogers 1909). W.M. Rogers visited Plymouth in 1881 and identified Brambles 
shown to him in the field by Briggs as R. lejeunei (Rogers 1882). When W.O. 
Focke accompanied Rogers on a further visit to Plymouth in 1889, Briggs 
showed him specimens of the plants, which Focke also identified as R. lejeunei 
(Focke 1890). However, it seems that one or more of the specialists began to 
doubt their identification, as Rogers (1893) lists the taxon as “R. lejeunei”, the 
inverted commas indicating that the identification was only provisional. The 
reason for his reticence became clear some time after 1894 when Rogers 
collected a Bramble from Blunt’s Hill, close to Briggs’s home at Fursdon, 
Eggbuckland. Rogers originally named the specimen now in the British Museum 
herbarium, ref. no. BM000045213, as a variety of R. mucronatus but later 
crossed out this name and substituted R. botryeros Focke = R. lejeunei Briggs, 
adding “t. Focke”, indicating teste (Latin: “on the word of”, as “witness”). Floral 
details were added, describing the shape and colour of the petals, and the 
length and colour of the styles. Rogers (1895) writes that it is doubtful whether 
R. lejeunei existed in Britain. He published the new taxon as a variety of R. 
longithyrsiger (Rogers 1900), and finally published the name at species level in 
Rogers (1909), also recording that it had been found in Cornwall. Attempts to 
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relegate this species taxonomically (Watson 1958) or to rename it altogether 
(Sudre 1904) have been resisted, and R. botryeros is recognised by Edees and 
Newton (1988), Gandhi (2005) and Kurtto et al. (2010). The distribution of R. 
botryeros in Britain and Ireland is shown in Figure 7 (p. 44). The species has 
also been recorded from North West France (Kurrto et al. 2010).  
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Figure 7: British & Irish distribution of R. botryeros (Focke ex Rogers) Rogers
 
 © Botanical Society of Britain and Ireland: permission to reproduce this image 
has been granted by the copyright holder 
 
Figures 8 & 9 (pp. 45 & 46) show historic and recent collections respectively. 
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Figure 8: Isolectoype specimen of R. botryeros (Focke ex Rogers) Rogers 
 
© The Trustees of the Natural History Museum, London: permission to 
reproduce this image has been granted by the copyright holder 
Blunt’s Hill, Eggbuckland, South Devon, v.c. 3, W.M. Rogers, 2 July 1894 with 
notes separating this taxon as a species from R. longithyrsiger. 
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Figure 9: Specimen of R. botryeros (Focke ex Rogers) Rogers from type locality 
 
Bircham Valley, Plymouth, South Devon, v.c. 3, P. Pullen, R. D. Randall & K.S., 
9 August 2014. 
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R. peninsulae Rilstone 
Compared with the entangled taxonomy of the previous two species, the 
discovery and publication of this Rubus species has been fairly straightforward.  
Specimens of an unknown Bramble were collected by H.J. Riddelsdell and F. 
Rilstone at Newbridge, Callington, East Cornwall, v.c. 2, on 12 July 1924. 
Consulting Rogers (1900) the collectors referred the material to R. podophyllus, 
a name no longer recognised taxonomically (Kurtto 2010). Notes made on 
specimens in the herbarium of the British Museum nos. BM000045349 and 
BM000045350 show that both batologists were aware that the material did not 
conform with the description in Rogers (1900) or that given by Müller (1861) 
when the name R. podophyllus was published. Brief notes were made of some 
of the defining characters of the Newbridge plant but the taxonomic novelty was 
not described as a species until Rilstone (1950) published it as R. peninsulae, 
with a description. The name refers to its distribution, which is almost 
exclusively Cornish. Watson (1958) refuses to recognise it as a separately 
named species, sinking it in synonymy with R. truncifolius, itself a name no 
longer used to define a species (Kurtto et al. 2010). The present name is 
recognised by Edees and Newton (1988), Gandhi (2005) and Kurtto et al. 
(2010). The distribution of R. peninsulae in Britain and Ireland is shown in 
Figure 10 (p. 48). This species has also been recorded from North West France 
(Kurrto et al. 2010). 
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Figure 10: British & Irish distribution of R. peninsulae Rilstone
 
© Botanical Society of Britain and Ireland: permission to reproduce this image 
has been granted by the copyright holder 
 
Figures 11 & 12 (pp. 49 & 50) show historic and recent collections respectively. 
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Figure 11: Type specimen of R. peninsulae Rilstone 
 
© The Trustees of Natural History Museum, London: permission to reproduce 
this image has been granted by the copyright holder 
 
Newbridge, East Cornwall, v.c. 2, H.J. Riddelsdell and F. Rilstone 12 July 1924 
with a note suggesting the existence of a taxonomic novelty. 
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Figure 12: Specimen of R. peninsulae Rilstone from the type locality
 
Freeware ex Hb. R.W. Gould 
 
Cadsonbury Woods, Newbridge, East Cornwall, v.c. 2, R.W. Gould, n.d. (1993 
inferred). 
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R. “carrickensis”  
This Bramble has no official taxonomic history and is therefore provisionally 
named here, for the Carrick district of Cornwall in which it was apparently first 
observed. Potential colonies have been found at and material collected from: 
Gweek Quay, West Cornwall, v.c. 1, R.D. Randall & K.L.S., 10 July 2010; 
Burrator peninsula, South Devon, v.c. 3, R.D. Randall & K.L.S., 4 July 2013; 
and Chybucca, West Cornwall, v.c. 1, K.L.S., 27 June 2015. Its status depends 
on further research to determine whether it is a new taxon and whether it should 
be noted as a local form, too restricted in its distribution to warrant taxonomic 
attention; alternately, if of taxonomic interest, whether it is: 
  a local biotype with a distribution in excess of 30 km and therefore a 
candidate species 
  a regional species with a distribution in excess of 50 km 
  an extensively distributed species 
The local and regional designations would be provisional against an increase in 
range. Further possibilities are that the plant is:  
  a previously described species known as a member of the British/Irish 
Bramble flora but not recognised in this situation 
  a previously described species not previously known as a member of 
the British/Irish flora 
While further studies are in hand specimens have been collected, and the data 
derived from them, together with images, made available in digital format to 
enable specialist opinions to be sought. Collection details at the type locality are 
as follows:  
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Specimen no.: KS13/09. 
Locality: Garden of Campion Cottage, Carclew Terrace, Truro, TR1 2EF, West 
Cornwall, v.c. 1, SW 82632 44487.  
Habitat: Hedge, in an open situation, well drained, and fairly well sheltered to 
the south west. 
Coll: K.L. Spurgin.  
Date: 10 July 2013. 
Inflorescence: well-developed, pyramidal; Flowers diameter: 25-32 mm; petals 
colour: pink to white; arrangement: separate; outline: variable, narrowly obovate 
to elliptical or ovate; size: 11-14 x 5-8 mm; form: spreading, cupped to boat-
shaped, and crumpled at apices and sides; hairs (front): abundant short 
adpressed; hairs (back): abundant short adpressed and frequent long; hairs 
(margin): long all round becoming sparse below.  
Stamens max length: 8 mm, > styles; anthers hairs: c. 5% with 1-3 hairs; 
filaments colour: white, strongly flushed pink from base. 
Styles colour: light yellow-green, flushed pink from base. 
(young) Carpels hairs: distinctly long-hairy. 
Receptacle hairs: long, sparse. 
Sepals: reflexed early on, becoming patent in fruit. 
Leaves: 3-5-nate, convex, leaflets folded or not. Terminal leaflets often twisted 
towards apex. 
 
Notes:  
1 C.f. R. hastiformis, KS; det. R. hastiformis, D.E. Allen; det. R. peninsulae, 
R.W. Gould (in the field); possible R. botryeros Truro form, not hastiformis, R.D. 
Randall (in the field). 
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2 R. hastiformis W.C.R. Watson has been compared and/or confused with R. 
longithyrsiger Lees ex Focke.  
3 Receptacle forms a short platform. 
4 Vigorous, with abundant large fruit, excellent for culinary use, S. Bates.  
5 Specimen no. KS13/09 (Figure 13, p. 54). 
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Figure 13: Type specimen of R. “carrickensis” 
 
 
Campion Cottage, Truro, West Cornwall, v.c. 1, K.S., 10 July 2013. 
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Data sources 
Virtual specimens 
A full list of specimens, together with their source and collection data, is 
reproduced in Appendix A. All data were derived from virtual specimens, which 
for the purpose of this investigation are defined as digital images filed in jpg or 
tiff format. Images ex Hb. SLBI were downloaded from the website 
HerbariaUnited (2015). Hb. RWG (R.W. Gould) and Hb. KLS are private 
herbaria, specimens from which were photographed by the writer. In order to 
obtain as random a selection as possible, herbarium curators were asked for 
images without specifying a locality, collector or date of collection. This resulted 
in a set of samples over which the researcher had no influence. Contributing 
herbaria, their abbreviations and the number of specimens obtained from each 
are shown in Table 2. 
 
Table 2: Contributing herbaria 
 
Institution/Individual Hb. No.  
British Museum of Natural History BM   60 
Cambridge University CGE   13 
R.W. Gould RWG   18 
Manchester Museum MANCH     3 
National Museum of Wales NMW   37 
South London Botanical Institute SLBI     4 
K.L. Spurgin KLS   90 
 Total 225 
 
56 
An exception was made in the case of type specimens, which were considered 
to be valuable as representing the opinions of plant authors who recognised 
and named the material as scientific entities. McNeill et al. (2011) state that a 
type specimen is important as it is permanently attached to the name of a taxon. 
These specimens, their names, authors and the type localities from which they 
were collected are shown in Table 3. 
 
Table 3: Type specimens 
 
Taxon Locality Author(s) Collection date 
R. botryeros Eggbuckland,  
South Devon 
W.M. Rogers 
W.O. Focke 
1894 
R. longithyrsiger Llanberis,  
Sir Caernarfon 
E. Lees  
W.O. Focke  
1847 
R. peninsulae Newbridge,  
East Cornwall 
F. Rilstone 1924 
 
 
Specimens of primocane sections from contributing herbaria were examined in 
the order received. Material that did not appear at an initial level of inspection to 
be measurable for all characters was excluded. 45 specimens were investigated 
for each of the three species.  
 
Collected specimens 
Collections were made of living material from two single site localities, as 
follows: 
  R. “carrickensis”, Truro, 2015 
  R. longithyrsiger, Trelissick, 2015 
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To ensure that the sample was as random as possible, all visible leaves of the 
R. “carrickensis” colony were collected and placed in rows. From 107 
specimens, 45 were chosen by generating random numbers between and 
including 1 and 107 using the online facility Stat Trek (2015), which enables 
“non-duplication of numbers” to be selected as a search term. 87 specimens of 
R. longithyrsiger were collected and a random selection made as described 
above. 
 
The specimens were collected, pressed and preserved in accordance with good 
practice, broadly based on the guidelines set out by Bridson and Forman 
(1998), in the following sequence: 
  Photographs were taken of the locality, habitat and colony, with close-
ups including details of characters that would be lost on pressing, in 
particular flower structure and arrangement 
  Individual specimens were labelled with a collection number and 
specimen number, from (Rc) KS15.03/01 to KS15.03/45, and from 
(Rl1) KS15.22/01 to KS15.22/45. 
  The specimens were dried in a plant press under gentle heat 
(sunshine and an airing cupboard) 
  Specimens were mounted on herbarium sheets 
  Herbarium sheets were labelled with collection details 
  Material was photographed to provide virtual specimens for data 
collection 
  Herbarium sheets were stored in a laboratory fridge for one week at  
-23o C to guard against infestation 
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  Specimens were placed in permanent storage in clamshell boxes in 
the writer’s herbarium 
 
Collection details for R. “carrickensis” are provided on pp. 52 and 53. Details for 
the additional R. longithyrsiger collection are as follows: 
 
Specimen no.: KS15/22. 
Locality: Wood edge by footpath gate, entrance to South Wood, Trelissick and 
towards King Harry Ferry, West Cornwall, v.c. 1, SW 8369 3912.  
Habitat: Main population in a semi-open coastal slope situation, well drained, 
and well sheltered to the east, sub-littoral, exposed to the west. Further east c. 
25 m along the footpath, in a semi-open clearing exposed to the north. 
Coll: K.L.S.  
Date: 01 August 2015. 
Det: R. longithyrsiger by R.D. Randall.  
 
The type localities Llyn Padarn, Llanberis, Sir Caernarfon; Blunt’s Hill, 
Eggbuckland, South Devon; and Newbridge, Callington, East Cornwall, were 
visited during the study and material collected where possible to compare with 
the original type specimens. Material was collected and preserved in the 
sequence described above. It did not prove possible within the study period to 
obtain suitable material from the Newbridge locality. 
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Previous studies 
Holub (1997) in a brief but illuminating account describes some of the difficulties 
confronting students of the Rubi. From the beginning there was uncertainty (and 
some cases over-confidence), confusion and disagreement. Earlier batological  
writers published few biometric details of Rubus species, and research in this 
area remains relatively rare. Edees and Newton (1988) published the first full 
account of the British/Irish Rubi to include measurements and details of 
comparative morphology, for example the length of the terminal leaflet relative 
to that of its petiolule. More recent research has made increasing use of 
biometric data. Monastario-Huelin (1995) describes a comparative study from a 
morphological and biogeographical perspective of the Series Radulae on the 
Iberian Peninsula, which enabled a previously unrecognised species to be 
described. Hollingsworth (2013), while championing DNA and barcoding, draws 
attention to the complexity of the subject and advises caution. The challenge 
remains: is it possible to discriminate between Rubus taxa using biometric 
data? Tomlik-Wyremblewska (2000) attempted to correlate pollen morphology 
in Malesian Rubi with the general morphology of six species, with partial 
success. However, Coyne and Orr (2004) consider that the optimum method of 
testing for the presence of discrete taxa is to perform cluster analysis on many 
sympatric individuals, citing the study of Alchemilla (Rosaceae) by Sepp and 
Paal (1998), when herbarium specimens were scored for 43 morphological 
traits. In this group, like the Rubi a difficult genus in the Rose family, few 
previously recognised species boundaries were supported by the statistical 
analysis.  
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Two papers of particular interest were Kraft and Nybom (1995) and Cowan et 
al. (2008). The former compared results obtained by DNA fingerprinting with 
those from the statistical analysis of a series of morphological characters. The 
study was of interest because, in addition to being specific to the genus Rubus, 
it was carried out exclusively on herbarium material. The researchers selected 
characters on the basis of conceived usefulness in identification together with 
ease of measurement on dried material. Where Alice and Campbell (1999) had 
found stem armature (in this case prickles) to be inconclusive in their study, 
Kraft and Nybom (1995) separated prickles into three groups based on length, 
and counted the number occurring in each group along 50 mm of stem. Stem 
diameter was a further important character; comparisons being made between 
specimens of a similar diameter to take account of plant vigour. This attempted 
to overcome the problem of morphological plasticity in response to varied 
environmental influences of which the researchers would have no knowledge 
unless the collectors had recorded them (a rare event). Using 12 variables the 
writers report 35 instances of significant variation (p<0.05) between species 
pairs in six groups, approximately 50% of those possible. In addition, they found 
that correlation between DNA and biometric analyses was not achieved in all 
cases. For example, where DNA tests supported the opinion that specimens of 
R. polyanthemus from Germany and Sweden respectively were conspecific, this 
outcome was not supported by biometric analysis. Conversely, two further 
species regarded as taxonomically separate were held to be conspecific using 
both methods. 
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Materials and Methods 
Research design  
Taking elements from Kraft and Nybom (1995), Sepp and Paal (1998) and 
Cowan et al. (2008), the current study compares identifications made by 
specialist writers and recorders with results obtained by statistical analyses. It 
diverges from those studies in obtaining data exclusively from virtual specimens 
rather than living plants or herbarium material. To ensure homogeneity of data 
sources, specimens of the two taxa (Rc and Rl1) collected during fieldwork were 
pressed and mounted to enable them to be photographed and examined in 
virtual format. During the study period fieldwork, identification and curation were 
critically examined in order to develop a methodology that would enable more 
and better data to be collected. 
 
The statistical investigation was carried out to determine whether, using only 
virtual images:  
  the analysis of biometric data derived from several leaf characters 
would enable the three species to be separated statistically. 
  further analysis would enable R. “carrickensis” to be separated 
statistically from the same three described species. 
In the following account, the “specimen”, unless otherwise described, consists 
of one leaf cut from the primocane, the first year’s growth from which, in the 
second year, the inflorescences arise. Duminil and di Michele (2009) cite 
numerous characters including angular measurements, from which several 
were selected in order to examine whether they could be measured 
satisfactorily.  
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Selection of taxonomic treatment 
The most recent works of reference (Edees & Newton 1988; Newton & Randall 
2004; Sell & Murrell 2014) agree in grouping the three named species R. 
botryeros, R. longithyrsiger and R. peninsulae in the Series Radulae, indicating 
a close relationship between the species. Kurtto et al. (2010) place them in the 
recently reinstated Series Pallidi, which however maintains former writers’ views 
of the close affinity of the three species. Edees and Newton (1988) is adopted 
since, of the three more recent publications, Newton and Randall (2004) and 
Kurtto et al. (2010) are atlases and do not provide diagnostic information. The 
format of Edees and Newton (1988) is closely followed by Sell and Murrell 
(2014), which was published too late to be adequately field-tested during the 
course of the present investigation. 
 
Edees and Newton’s key to the 11 Series of the Subsection Hiemales first 
considers whether the primocane is glandular or not, the Radulae being 
included in the former clave. The next couplet is a choice between “stamens 
shorter than styles” and “stalked glands usually few” (Sprengeliana) and Series 
with more glands and longer stamens (Radulae and six others). The stem is 
then examined, to determine whether prickles are confined to the angles and 
not grading into pricklets (Radulae and three other Series), or all around the 
stem and grading into pricklets (three further Series). The observer judges 
whether hairs are more obvious than stalked glands (Vestiti); if the terminal 
leaflet is obovate with a mucronate apex and serrulate margins (Mucronati); 
and, finally, whether stalked glands and acicles are unequal (Micantes) or 
subequal, which should bring the observer to the Radulae.  
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Within the Series Radulae, the three species are separated in key characters 
by: 
 1 Petals white or pale pink      2 
 1 Petals deep or clear pink     3 
 2 Stem glabrous or glabrescent, leaflets 3   R. longithyrsiger  
 2 Stem hairy (sometimes thinly)     R. botryeros 
 3 Leaflets usually 3       R. peninsulae  
 3 Leaflets often 5       R. botryeros  
R. botryeros keys out at two points as the flowers may be white or pink. In some 
cases, it may be impossible to decide whether a stem is “glabrescent” or “thinly 
hairy”. To compare the “number of leaflets” character given in the key, a count 
was taken of leaflets on the 135 specimens examined in this study, with the  
results shown in Table 4.  
 
Table 4: Comparison of leaflet numbers 
Species  Counted on 
Specimens 
Edees & Newton 
(1988) 
 3 4 5  
R. botryeros 15 9 21 often 5 
R. longithyrsiger 39 3 3 3 
R. peninsulae 26 7 12 usually 3 
  
The random sample fits the key reasonably well. However, based on the 
sample, R. longithyrsiger would be better described as “usually 3” and R. 
peninsulae as “more often 3”.  
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Selection of variables 
To compare the four taxa, leaf characters used in previous Rubus studies 
(Edees & Newton 1988; Kraft & Nybom 1995; & Weber 1995) were considered 
and selected for their apparent suitability. The diagram at Figure 14 shows a 
leaf cut from a Bramble primocane. The relevant parts of the leaf are: the 
terminal leaflet and its petiolule (stalk); lateral leaflets and their petiolules; lower 
leaflets and petiolules; the petiole, or main stalk; and a section of the stem. The 
variable F described below is the width of the stem-piece, whereas on the 
sketch F denotes a length along the stem-piece.  
 
Figure 14: Sketch of leaf cut from Bramble primocane 
 
 
The following measurements were taken of each terminal leaflet and stem: 
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A  length of lamina, TLAM 
B  width of lamina at widest point, TERW 
C  length from base to widest point, TERB 
D  length of petiolule, PETU 
E  length of petiole, PETE 
F  width of stem, STMT 
In addition, the number of teeth on one margin of the terminal leaflet was 
counted, TERT. 
Measurements taken by Kraft and Nybom (1995) trialled in the present study, 
but not proceeded with, comprised: 
Length of: lateral leaflet petiolules; from the petiolule to the base of the lower 
leaflet petiolules; lower leaflet petiolules. These smaller characters were 
frequently obscured by other parts of the leaf, and sometimes by other 
specimens or labels. Where on actual specimens they might be examined by 
carefully lifting or otherwise moving overlying leaves, etc., this option was not 
available with virtual specimens. 
Number of prickles per 50 mm of stem. It was considered inadvisable to use 
these data, as in examining physical herbarium specimens, loose prickles were 
found. As it was impossible to determine how many prickles had been shed 
since the specimen was collected, this character was considered to be 
unreliable. 
Number of prickles on the petiole and petiolule. These proved impossible to 
count with confidence, as they were frequently indistinguishable from their 
shadows, especially with images of a lower resolution.  
Other measurements considered to be unreliable included the angle between 
the pedicel and the stem, which would have been subject to both environmental 
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factors and to chance as to how the specimen was pressed and mounted. The 
angle at the base of the terminal leaflet was impossible to judge in many 
instances where the cordate shape presented a rounded outline. In addition, a 
degree of shrinkage and folding was observed in some specimens, which would 
obscure the true outline. Further factors that might be taken into account were 
investigated. Localities given on herbarium sheets were plotted in an attempt to 
determine the surface and underlying geology at each site. Online maps 
provided by the British Geological Survey (NERC 2013) were consulted but 
usually only very approximate localities were given by collectors (e.g. “Dinmore 
Woods” and “Llanberis”), and these proved insufficient in most cases to 
accurately identify the nature of the geology.  
 
Response to shading and sunlight are known to affect Brambles considerably 
(Edees & Newton 1988; Weber 1995). Both the primocanes and inflorescences 
exhibit a number of external changes as a result. Felt on the underside of 
leaves (on species that have this character) is more strongly developed when 
exposed to sunlight, and both stems and their prickles are weaker on plants 
growing in shade. Although more recently some collectors, for example R.W. 
Gould, do record lighting conditions, this is unusual. It would be interesting and 
also useful statistically, to know whether specimens were collected from 
sheltered or open situations. Kraft and Nybom (1995) selected and grouped 
together specimens with similar stem diameters to account for this 
environmental factor. It was not possible within the scope of this research 
project to follow this sequence, as the number of herbarium specimen images it 
was possible to obtain was of necessity limited. Old maps were consulted to 
determine whether collections could be confidently ascribed to sunny, shaded 
67 
or densely shaded habitats. Lack of precision in describing the locality made it 
impossible in many cases to decide whether the spot in question was in a wood 
or on a nearby heath. Even within a wood, a further problem was the inability to 
tell whether the plant was growing in the shade of a thicket or for example in a 
wood-edge situation facing south across a broad forestry ride. The seven 
retained characters were of interest as allowing a relatively large number of 
data to be processed with a relatively high level of confidence. They were also, 
as in the Kraft and Nybom (1995) study, relatively easy to measure or count. 
 
Data collection 
The data were collected using the Onde ruler programme enabling characters 
of virtual images to be measured and counted onscreen (Figure 15). 
 
Figure 15: Data collection using Ondesoft (2001) 
 
 
Image of specimen © The Trustees of the Natural History Museum, London: 
permission to reproduce this image has been granted by the copyright holder 
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The screenshot shows (clockwise from top right): 
 
 a virtual specimen, onscreen ruler, calculator, and data columns on a 
spreadsheet, and illustrates how the width of a terminal leaflet TERW was 
measured and recorded. The ruler was used to measure 100 mm on the scale 
attached to the herbarium sheet (in this example, 80 mm). To calculate the 
conversion factor, 100 was divided by 80 (= 1.25). The virtual width was 
measured at 43.7 mm, which, multiplied by 1.25 = 55 mm (rounded up). This 
value was entered on the spreadsheet in the TERW column as highlighted 
white in the blue field. For a run of measurements on the same herbarium sheet 
the conversion factor was stored temporarily in memory, which was cleared 
before taking data from the next herbarium sheet. The ruler floats above the 
other processes and the calculator can be called up from the icon bar by a 
single click. The ruler has a further blue line, at right angles to the line shown, 
allowing length from the base of the leaflet to its widest point TERB and length 
of the leaflet lamina TLAM to be measured without having to move the ruler.  
 
Data management 
Two months after the initial series of measurements was recorded, characters 
were re-measured and the data corrected as necessary. The data were written 
to an Excel spreadsheet and are reproduced in Appendix B. To guard against 
data loss, digital copies of spreadsheet fields and the images from which data 
were derived were written to a remote backup drive and to a removable memory 
stick. They were also emailed to a remote location; and copied to a further 
memory stick, which was tagged and delivered by hand to a separate remote 
location. 
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All data analyses, with the exception of that for Grubb’s test, were generated by 
the PAST programme version 3.1 (Hammer 2013), a previous version of which 
had been used by Cowan et al. (2008) to compare Sorbus (Whitebeam) taxa.  
 
Analysis - (1) ANOVA on seven variables for R. botryeros, R. 
longithyrsiger and R. peninsulae 
Normality Tests 
Dufour et al. (1998) refer to nearly 40 available normality tests, of which PAST 
currently uses those shown in Tables 5 and 6 (pp. 70 & 71). The results from 
the Anderson-Darling and Shapiro-Wilk tests were used, as these are 
understood to be more powerful, with possible preference being given to the 
latter test (Razali & Wah 2011). As shown in Table 5 (p. 70), both tests 
indicated that data from PETE, TERB, TLAM and TERT had a p-value of >0.05 
and were therefore normally distributed.  
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Table 5: Results of normality tests on data from seven variables 
 
 PETE PETU TERB TERW TLAM TERT STMT 
                    No. 
Test 
135 135 135 135 135 135 135 
Shapiro-Wilk 0.9841 0.9767 0.9877 0.961 0.9829 0.9811 0.951 
p(normal) 0.1185 0.02026 0.2716 0.0006751 0.0879 0.0576 0.00009944 
Anderson-Darling 0.6671 1.079 0.4454 0.8783 0.5009 0.7423 2.036 
p(normal) 0.07982 0.007605 0.2791 0.02388 0.2043 0.0519 0.00003306 
p(Monte Carlo) 0.0841 0.008 0.2851 0.0218 0.2015 0.0494 0.0001 
Jarque-Bera 2.878 3.739 1.716 22.13 2.657 5.083 8.173 
p(normal) 0.2372 0.1542 0.4241 0.00001566 0.2648 0.0788 0.0168 
 
 
Hammer (2013) states the null hypothesis as H0: The sample was taken from a 
population with normal distribution. If p(normal) is <0.05, the null hypothesis is 
rejected. The p-values in red font from PETU, TERW and STMT are <0.05 and 
therefore normal distribution is rejected. Data from these variables were (base- 
10) logarithmically transformed and re-tested for normality, with the results 
shown in Table 6 (p. 71).  
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Table 6: Results of normality tests of log-transformed variables 
 
 log PETU log TERW log STMT 
                      No. 
Test  
135 135 135 
Shapiro-Wilk 0.08606 0.987 0.8442 
p(normal) 6.047E-10 0.2351 1.228E-10 
Anderson-Darling 6.396 3.619 8.277 
p(normal) 8.862E-16 0.4393 3.044E-20 
p(Monte Carlo) 0.0001 0.4488 0.0001 
Jarque-Bera 13.02 1.73 16 
p(normal) 0.001491 0.421 0.0003359 
p(Monte Carlo) 0.0085 0.3569 0.0058 
 
 
Log10-transformed data of TERW had a p-value of >0.05 and were therefore 
normally distributed. Log10-transformed data of PETU and STMT displayed in 
red font had a p-value of <0.05 and were therefore not normally distributed.  
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One-way ANOVA 
Normally distributed data 
Data from variables PETE, TERB, TLAM AND TERT were analysed by a one-
way ANOVA to test whether the means of the three datasets obtained from Rb, 
Rl and Rp were statistically significantly different. 
 
In a study on the presentation of data Barde & Barde (2012) are of the opinion 
that readers of research articles would generally wish to see data summarised 
using Standard Deviation (SD). However, McDonald (2008) maintains that for 
most biological data Standard Error (SE) or Confidence Intervals (CI) would be 
more appropriate where the investigation is usually of differences rather than of 
variation. As the present study aims to test investigate differences between 
taxa, SE and CI were used in comparisons. Means ± 95% CI are shown for the 
three taxa Rb, Rl and Rp; SD can be calculated from the data presented. 
Numerical results are shown in Table 7 (p. 73).  
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Table 7: One-way ANOVA on PETE, TERB, TLAM, TERT  
and log-transformed TERW 
 Sum of  
squares 
  
Degrees 
of 
freedom 
 
Mean 
square 
 
Fs P Variance 
component 
(%) 
Statistically 
significant 
 
PETE Between 
groups 
  
2281.17 2 1140.585 7.354 0.000937 12.37 Yes 
Within 
groups 
  
20472.8 132 155.097   87.63 
Total 22753.97 134     
TERB Between 
groups 
  
103.215 2 51.607 1.423 0.245 - No 
Within 
groups 
  
4786.311 132 36.26   - 
Total 4889.526 134     
TLAM Between 
groups 
  
461.793 2 230.896 1.829 0.165 - No 
Within 
groups 
  
16666.533 132 126.262   - 
Total 17128.326 134     
TERT Between 
groups 
  
2468.311 2 1234.156 30.97 9.35E-12 39.98 Yes 
Within 
groups 
  
5259.689 132 39.846   60.02 
Total 7728 134     
Log 
TERW 
Between 
groups 
  
0.0375169 2 0.0187585 3.976 0.02105 6.2 Yes 
Within 
groups 
  
0.622755 132 0.00471784   93.8 
Total 0.660272 134         
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Bar graphs in Figure 16, and in Figures 17 and 18 (p. 75) show the mean length 
in millimetres per taxon, and in Figure 19 (p. 76) the mean number of teeth per 
taxon. Where the CI bars do not overlap there is a statistically significant 
difference between means. 
 
Figure 16: Means of petiole length PETE 
 
 
 
There is a significant statistical difference between the species for mean petiole 
length: F = 7.354; p<0.001.  
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Figure 17: Means of length from base to widest point TERB 
 
 
 
There is no significant statistical difference between the species for mean of 
length base to widest point: F = 1.423; p>0.05. 
 
Figure 18: Means of length of lamina TLAM 
 
 
 
There is no significant statistical difference between the species for mean 
lamina length: F = 1.829; p>0.05. 
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Figure 19: Means of number of teeth on one side of leaflet TERT 
 
 
 
 
There is a significant statistical difference between the species for mean 
number of teeth on one side of leaflet: F = 30.973; p<0.001. 
 
Log-normally distributed data 
Logarithmically transformed data from TERW were tested by a one-way 
ANOVA to examine whether the means of the three transformed datasets were 
statistically significantly different. The results are shown in Table 8 (p. 77).  
 
As shown in Table 8 the log-transformed means were back-transformed by 
raising 10 to the power of their numbers. SEs of the log-transformed data were 
multiplied by 2 to compute the ± 95% CIs. Finally, CIs were back-transformed 
by adding and subtracting them from the log-transformed means and raising 10 
to the power of their resulting numbers. Back-transformed means are displayed 
in the bar graph (Figure 20, p. 78). 
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Table 8: Back-transformation of log-transformed TERW statistics 
 
 Rb Rl Rb 
Standard 
error (SE) 
0.01194925 0.00903356 0.010042 
Confidence 
interval (CI) 
= SE x 2 
0.023898504 0.01806711 0.020084 
Log-
transformed 
Mean 
1.70933 1.673406 1.70818 
Back-
transformed 
Mean 
101.71 
51.3 
101.67 
46.8 
101.71 
51.3 
Back-
transformed 
upper CI 
101.71 + 0.024 
54.2 
101.67 + 0.018 
48.7 
101.71 + 0.02 
53.7 
Back-
transformed 
lower CI 
101.71 – 
0.024 
48.5 
101.67 – 
0.018 
44.9 
101.71 – 
0.02 
49 
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Figure 20: Back-transformed means of width TERW 
 
 
 
There is a significant statistical difference between the species for mean leaf 
width TERW: F = 3.976; p<0.05. 
 
Tukey’s post hoc pairwise test 
Several post hoc tests for statistically significant results were considered as  
there are differing opinions on the most suitable procedure. While the 
Bonferroni test is considered the simplest operation, Perneger (1998) rejects it 
as being of limited use for most applications. An alternative view is held by Field 
(2009), who maintains that Bonferroni is satisfactory for use when investigating 
a small number of comparisons. PAST version 3.1 provides simultaneous 
ANOVA, Tukey’s pairwise and Mann-Whitney pairwise (Bonferroni corrected p-
values) tests. Only one method (Tukey’s pairwise) was adopted, to avoid data 
mining and partiality in selecting the most favourable result. The results for 
PETE, TERW and TERT are displayed in Table 9 (p. 79). 
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Table 9: Results of Tukey’s pairwise procedure 
 PETE TERW TERT 
 Rb Rl Rp Rb Rl Rp Rb Rl Rp 
Rb X 0.1149 0.000385 X 0.02846 0.977 X 0.1073 2.179E-05 
Rl 2.813 X 0.155 3.616 X 0.04901 2.857 X 2.175E-05 
Rp 5.422 2.609 X 0.2908 3.326 X 7.888 10.75 X 
 
Tukey’s Q results are below the diagonals, and p-values above the diagonals. 
Significant comparisons are shown in red. For PETE, Rp differs from Rb, 
p<0.001. For TERW, Rb differs from Rl, p<0.05; and Rl differs from Rp, p<0.05. 
For TERT, Rp differs from both Rb, p<0.001; and Rl, p<0.001. The results of the 
post hoc pairwise test agree with those of the respective one-way ANOVAs. 
 
Non-normally distributed data 
PETU and STMT were compared using the Kruskal-Wallis test, a non-
parametric analysis of variance of data that are not normally distributed. 
McDonald (2008) points out that the test assumes that populations have similar 
shapes, and can give inaccurate results where they are strongly skewed. 
Skewed and heteroscedastic data evident on plotting histograms for PETU, 
TERW and STMT were not considered to strongly violate the assumption of 
similar shaped populations. The null hypothesis for this test states that the 
samples are from populations with equal medians. The results of the Kruskal-
Wallis test are shown in Table 10 (p. 80). 
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Table 10: Results of Kruskal-Wallis test 
 H d.f. p-value 
PETU 6.211 2 0.04411 
STMT 32.29 2 9.57E-08 
 
There is a significant statistical difference between the species for mean 
petiolule length p<0.05; and stem thickness p<0.001. 
 
Results 
For PETE, petiole length, an ANOVA showed a significant statistical difference 
between the species for mean petiole length: F = 7.354; p<0.001. Tukey’s 
Pairwise post hoc test agreed with this result, p<0.001. For TERT, number of 
teeth on one side of the terminal leaflet, an ANOVA showed a significant 
statistical difference between the species: F = 30.973; p<0.001. Tukey’s 
Pairwise post hoc test agreed with this result, p<0.001. TERB, length from base 
to widest point: F = 1.829; p>0.05; and TLAM F = 1.829; p>0.05, were not 
shown to have a significant statistical difference by the ANOVA. 
 
Of the non-normal data variables, TERW, maximum leaflet width, was data 
transformed. This variable was re-tested by an ANOVA, which showed a 
significant statistical difference between the species: F = 3.976; p<0.05. For 
TERW, Rb differs from Rl, p<0.05; and Rl differs from Rp, p<0.05. Tukey’s 
Pairwise post hoc test agreed with this result, p<0.05. 
 
A Kruskal-Wallis test showed a significant statistical difference between the 
species for PETU, mean petiolule length p<0.05, and STMT, stem thickness 
p<0.001. 
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Analysis - (2a) PCA for R. botryeros, R. longithyrsiger and R. 
peninsulae vs. R. “carrickensis” 
Multivariate test 1 
Data collection 
For the initial study, data from the images of the 45 R. “carrickensis” specimens 
were obtained using the method described for the three Radulan species. The 
four sets of data from Rb, Rl, Rp and Rc were analysed using the Multivariate> 
Ordination> PCA process of PAST 3.1. Data were measured in millimetres 
except for TERT, the data for which were counted. Different measurement units 
for variables require the correlation function to be used, which treats them as 
normalised through division by their standard deviations. 
 
Evaluation of Assumptions 
PCA has been described as “simple” (Shlens 2003), but the literature is 
extensive and methodology complex, at least to the non-specialist. Williams et 
al. (2012) state the importance of PCA as an approach to data analysis while 
acknowledging its complexity. Morrison et al. (2006) for example describe the 
difficulty often experienced in determining variable/principal component 
involvement. The analysis was conducted after investigation of the assumptions 
recommended by Laerd Statistics (2015), as shown in Table 11 (p. 82). 
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Table 11: PCA for Rb, Rl, Rp & Rc; Assumptions to be met for PCA 
 
Assumption Met Determined 
by 
Result 
There are 
multiple 
variables 
Yes Inspection 7 > 1 
Data are 
continuously 
measurable 
Yes Definition data are measured & 
counted, therefore 
“interval variables” 
(= continuous) 
Linear 
relationships 
exist between 
variables 
in 
part 
 
scatterplots; 
Pearson’s r-
test, 
 
Figures 21 & 22, p. 83; & Table 12, 
p. 84; number of variables reduced to 
5 
Sampling 
adequacy 
Yes Reference no. of cases >500, (MacCallum et al. 
1999) 
Suitable for 
data 
reduction 
Yes Reference value of r considered 
adequate for reduced 
number of variables, (Yessis et al. 
2012) 
There are no 
significant 
outliers 
No Reference Grubb’s test reveals one significant 
Outlier 
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Figure 21: Rb, Rl, Rp & Rc; Sample (worst case) scatterplot: STMT vs TERT 
 
 
 
Pearson’s r test indicates that there is a very weak linear relationship between 
STMT (millimetres) and TERT (counted), Table 12 (p. 84). 
 
Figure 22: Rb, Rl, Rp & Rc; Sample (best case) scatterplot: TERB vs TLAM 
 
 
 
Pearson’s r test indicates a fairly strong linear relationship between TERB and 
TLAM, measurements in millimetres, Table 12 (p. 84). 
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Table 12: Results of Pearson’s r test, p = 0.05: r below & p above the diagonal 
 PETE PETU TERB TERW TLAM TERT STMT 
PETE X 5.7E-09 2.8E-15 9.8E-08 3.0E-14 0.18 2.5E-05 
PETU 0.417 X 3E-09 1.2E-21 6.3E-25 0.4 9.5E-07 
TERB 0.544 0.424 X 2.4E-11 3.6E-42 0.55 0.24 
TERW 0.385 0.634 0.471 X 1.2E-24 0.00002 5.0E-08 
TLAM 0.527 0.671 0.805 0.688 X 0.06 0.03 
TERT 0.101 0.059 0.046 0.309 0.139 X 0.7 
STMT 0.301 0.356 0.088 0.383 0.163 0.028 X 
 
 
Results highlighted grey fail to meet the assumption of linear relationship: 
terminal leaflet teeth TERT: r<0.3; and stem thickness STMT: r<0.3. 
 
Pearson’s r test indicates strong to relatively weak linear relationships between 
PETE, PETU, TERB, TERW and TLAM; and relatively weak to very weak 
relationships between TERT, STMT and other variables. Yessis et al. (2012) 
propose a lower limit of r = 0.3, which the five more strongly related variables 
exceed. A decision was made to proceed with the five variables PETE, PETU, 
TERB, TERW and TLAM rather than, at this level of investigation, attempt 
complex transformations or nonparametric test procedures. Data meet the “Rule 
of 500” proposed by MacCallum et al. (1999) who suggest a minimum of 500  
observations. The writers cite Comrey & Lee (1992) who consider 500 to be 
“very good” and 1,000 as “excellent”. The number of observations in the 
examination of Rb, Rl, Rp & Rc is initially (7 variables x 180 observations =) 
1,260 reduced by the removal of TERT and STMT to (5 x 180 =) 900. In the 
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subsequent examination of Rb, Rl, Rp, Rc & Rl1 the number of variables is 
increased to (5 x 225 =) 1,125. 
 
Kristensen (2014) reports that the majority of researchers remove anomalous 
data before testing, but this would demand a more or less subjective decision in 
each case. Burns et al. (2005) recommend Grubb’s Test for its simplicity and 
acceptance in the literature, and this process was adopted in order to obtain an 
objective view of the data. Using GraphPad Software (2015) Grubb’s Test was 
applied to the data to locate outliers. The results are shown in Table 13, which 
displays the mean, SD, maximum value, location in the dataset and result for 
each retained variable. 
 
Table 13: Results of Grubb’s test for outliers, p = 0.05 
Variable Mean SD Most distant Row Outlier 
PETE 60.05 13.81 95 141 No 
PETU 22.38 5.03 39 108 No 
TERB 38.02 6.17 21 7 No 
TERW 49.46 7.93 85 9 Yes 
TLAM 75.28 10.93 107 60 No 
 
 
Grubb’s test detects only one significant outlier (TERW, row 9), which requires 
investigation: critical value of Z = 3.57360861099. The data for the outlier were 
derived from image BM001111863. The terminal leaflet width was re-examined 
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and found to have been accurately measured. GraphPad Software (2015) 
recommends analysing data with and without the suspected outlier; as, if the 
results are generally similar, the data are satisfactory. To examine the influence 
of the outlier the PCA test was run in two parts: initially with all the data and 
afterwards with the outlier removed. The results are shown in Figures 23 and 24 
(pp. 87 & 88). 
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Figure 23: PCA scatterplot of PETE, PETU, TERB, TERW and TLAM  
for Rb, Rl, Rp & Rc  
 
 
Rb Rl Rp Rc   The Rb outlier occurs at approximately X = 4.7; Y = -2.1 
       + 
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Figure 24: PCA scatterplot of PETE, PETU, TERB, TERW and TLAM  
for Rb, Rl, Rp & Rc, outlier removed from data 
 
 
Rb Rl Rp Rc                                                                                
       + 
 
 
No significant differences affect the scatterplot after outlier removal, and the 
data are therefore acceptable according to the Laerd (2015) assumptions. The 
results of the PCA are summarised in Tables 14 and 15 (p. 89). 
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Table 14: Summary of PCA for Rb, Rl, Rp & Rc 
PC Eigenvalue %variance Eig 2.5% Eig 97.5% 
1 3.23498 64.7 59.159 69.33 
2 0.741315 14.826 12.279 18.165 
3 0.527 10.54 8.3594 13.007 
4 0.365742 7.3148 5.4347 9.1603 
5 0.130964 2.6193 1.9042 3.3075 
 
 
Approximately 80% of the variation is explained by components 1 and 2. 
 
Table 15: Loadings for Rb, Rl, Rp & Rc; Loadings 
  PC1 PC2 PC3 PC4 PC5 
PETE 0.70596 -0.70114 0.083277 0.011083 -0.054488 
PETU 0.19105 0.1869 0.23025 0.74004 0.57262 
TERB 0.27924 0.16758 -0.45325 -0.49098 0.66891 
TERW 0.30444 0.39155 0.76545 -0.40992 -0.0073926 
TLAM 0.54264 0.54044 -0.38561 0.20767 -0.47978 
 
PC1 and PC2 are mainly a combination of PETE, TERW and TLAM. 
The first component has not been completely effective in separating data for Rc 
from data for Rb, Rl and Rp. PC2 has been very effective in separating Rc from 
Rp and fairly effective but less convincingly so, for Rb and Rl. Table 16, p. 90, 
summarises the distribution of data points. 
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Table 16: PCA for Rb, Rl, Rp & Rc;  
Numerical separation of data points by PC1 & PC2  
 
  Left PC1 Right     Rb Rl Rp Rc 
Rb 23   22    Above 19 22 3 44 
Rl 30   15   PC2         
Rp 22   23   Below 26 23 42 1 
Rc 13   32             
 
 
It is possible that material from R. “carrickensis” (Rc), having been collected 
from a single locality, is genetically homogenous and more likely to be 
morphologically uniform. It was therefore decided to collect further material from 
a single locality, of one of the three species under investigation, in order to 
examine whether there is an effect similar to that observed with Rc, that is, 
partial separation from Rb, Rl and Rp.  
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Analysis - (2b) PCA for R. botryeros, R. longithyrsiger and R. 
peninsulae vs. R. “carrickensis” & single-site R. longithyrsiger 
Multivariate test 2 
Data collection 
The procedure for collection described for R. “carrickensis” was followed. 45 
leaves were preserved and data collected from the seven variables PETE, 
PETU, TERB, TERW, TLAM, TERT and STMT.  
 
Evaluation of Assumptions 
The assumptions to be met for PCA as listed in Table 11 (p.82) which do not 
have to be re-tested are: 
  There are multiple variables 
   Data are continuously measurable 
  There is sampling adequacy 
Pearson’s r test was carried out to determine whether linear relationships exist 
between the variables (Table 17, p. 92).  
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Table 17: PCA for Rb, Rl, Rp, Rc & Rl1;  
Results of Pearson’s r test, p = 0.05: r below & p above the diagonal 
 
 PETE PETU TERB TERW TLAM TERT STMT 
PETE X 1.0E-11 1.4E-15 9.0E-13 4.4E-16 0.29 0.0002E-05 
PETU 0.434 X 5.2E-12 2.1E-28 7.2E-30 0.24 3.5E-7 
TERB 0.5 0.439 X 2.7E-16 7.3E-54 0.33 0.025 
TERW 0.455 0.651 0.511 X 2.8E-34 0.0002 1.3E-05 
TLAM 0.508 0.663 0.811 0.7 X 0.0009 0.009 
TERT 0.071 0.079 0.066 0.249 0.173 X 0.92 
STMT 0.25 0.338 0.149 0.287 0.173 0.007 X 
 
 
Results highlighted grey fail to meet the assumption of linear relationship: 
terminal leaflet teeth TERT: r <0.3; and stem thickness STMT: r <0.3. These 
two variables were removed from further analysis.  
 
Grubb’s test was applied to locate outliers, with the following results (Table 18, 
p. 93). 
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Table 18: PCA for Rb, Rl, Rp, Rc & Rl1;  
Results of Grubb’s test for outliers, p = 0.05  
Variable Mean SD Most distant Row Outlier 
PETE 61.16 14.09 113 213 Yes 
PETU 22.57 4.97 39 108 No 
TERB 38.07 6.29 58 185 No 
TERW 50.65 8.45 85 9 No 
TLAM 76.27 11.28 114 185 Yes 
 
 
Grubb’s test detects two significant outliers (PETE, row 213; TLAM, row 185), 
which require investigation: critical value of Z = 3.64056338599. 
 
To examine the influence of the outliers the PCA test was run in two parts: 
initially with all the data and afterwards with the outlier removed. The results are 
shown in Figures 25 and 26 (pp. 94 and 95). No significant differences affect 
the scatterplot after outlier removal, and the data are therefore acceptable 
according to the Laerd (2015) assumptions.  
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Figure 25: PCA scatterplot of PETE, PETU, TERB, TERW and TLAM 
for Rb, Rl, Rp, Rc & Rl1  
 
 
Rb Rl Rp Rc Rl1 Rb outlier approximately X = 4.4, Y = -1.8  
Rl1 outlier approximately X = 4.3, X = 1.1        +   O 
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Figure 26: PCA scatterplot of PETE, PETU, TERB, TERW and TLAM 
for Rb, Rl, Rp, Rc & Rl1, outliers removed from data 
 
 
Rb Rl Rp Rc Rl1  
       +  O 
 
 
Minor changes occur to the distribution without significantly altering the overall 
pattern or abundance of data points on either side of the x and y axes. The 
results of the PCA are summarised in Tables 19 and 20 (p. 96).  
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Table 19: Summary of PCA for Rb, Rl, Rp, Rc & Rl1 
 
PC Eigenvalue %variance Eig 2.5% Eig 97.5% 
1 3.28258 65.652 60.909 69.994 
2 0.659955 13.199 10.517 16.178 
3 0.580948 11.619 9.5249 14.22 
4 0.347081 6.9416 5.3779 8.4611 
5 0.129434 2.5887 1.9488 3.2055 
 
 
Approximately 80% of the variation is explained by components 1 and 2. 
 
Table 20: Loadings for Rb, Rl, Rp, Rc & Rl1 
 
  PC1 PC2 PC3 PC4 PC5 
PETE 0.38204 0.57617 0.72017 -0.016653 -0.056155 
PETU 0.43462 -0.55289 0.24395 0.62824 0.2263 
TERB 0.44883 0.43651 -0.54218 0.084646 0.55397 
TERW 0.4533 -0.41382 0.085292 -0.76843 0.15971 
TLAM 0.50816 0.02331 -0.34729 0.085907 -0.7831 
 
 
PC1 and PC2 are mainly a combination of PETE, PETU, TERB and TERW.  
Table 21, p. 97, summarises the numerical distribution of data points.  
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Table 21: PCA for Rb, Rl, Rp, Rc & Rl1; 
Numerical separation of data points by PC1 & PC2  
 
  Left PC1 Right     Rb Rl Rp Rc Rl1 
Rb 26   19   Above 17 22 4 42 19 
Rl 30   15   PC2          
Rp 27   18   Below 28 23 41 3 26 
Rc 16   29              
Rl1 17  28        
 
 
While PC1 is not completely effective in separating Rc from the three subject 
species Rb, Rl & Rp, much better separation is provided by PC2. However, PC1 
groups Rl1 with Rc rather than with Rl. PC2 is very effective in separating Rc 
from Rp but less convincing in separating Rc from Rb, Rl and Rl1. 
 
 
Discussion 
The results of the foregoing statistical investigations demonstrate a partial 
correlation between published descriptions of three closely related Bramble 
species and a sample of virtual herbarium specimens scored for seven data 
sets. The characters separating all three species were petiolule length (PETU) 
and stem thickness (STMT), while number of terminal leaf-teeth (TERT) 
separated R. peninsulae from the other two species. R. longithyrsiger was 
separated from the other two species by terminal leaflet width (TERW); and R. 
botryeros and R. peninsulae were separated by petiole length (PETE). 
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Differences between the means were in most cases slight, with the number of 
marginal teeth of R. peninsulae proving to be the most obviously different. This 
variable might have been thought to increase and decrease in relation to leaf 
length but it appears to be an independent character. Unhappily for the field 
botanist, leaflet length was not significant and neither was the length between 
the leaflet base and its widest point, though this is more difficult to measure. 
Nonetheless a set of five characters, somewhat ill-assorted, were found to have 
statistical significance; several different experts over 150 years had collected 
and identified specimens whose leaves (on average) were different in these 
characters, and were found to agree with the groups into which the expert 
authors of the major reference work on the subject had placed them. It is highly 
unlikely that leaves alone were used to identify the historic specimens as the 
experts would in all cases have had available for examination either the living 
plant, an actual herbarium specimen or both.  
 
Are there other ways to examine the data provided by the authors? During the 
study it was possible to compare some of the raw biometric data with those 
provided in Edees and Newton (1988). The mean length and breadth of R. 
botryeros as described and measured over 45 specimens differs significantly 
but otherwise the differences are relatively slight. The difference between raw 
data means and those measurements derived from published data for R. 
botryeros need not be of concern, as the size and randomness of the sample 
from which Edees and Newton (1988) obtained their data is not known. During 
the present investigation it was estimated that approximately 200 character 
choices given in the literature had to be checked and recorded for R. botryeros. 
Allotting a theoretical average of one minute to determine and record each 
99 
component of the dataset; allowing for 30 specimens per species to provide for 
reasonable statistical significance; and finally carrying out the same process 
over 300 species, the time taken would have been in the order of 1 x 30 x 200 x 
300 ÷ 60 = 30,000 hours, by inspection a statistically improbable length of time 
to have spent collecting data from herbarium specimens. It is proposed that the 
number of samples measured by E.S. Edees, who was responsible for the 
descriptions in Edees and Newton (1988), is likely to have been small and it is 
perhaps more surprising that two sets of data for two species agree fairly well – 
rather than that two sets of data for a third species do not. Returning to the 
usefulness of a statistical approach, would it be more useful to investigate 
species by this raw data method or would it be better to engage with statistics to 
help refine written descriptions?  
 
A further outcome of the study which may be of use in determining specimens 
was the question of outliers, one of which was taken from a specimen of R. 
botryeros, ref. BM001111863. It has an unusually wide terminal leaflet 
combined with larger and longer stem prickles than usual, and the appearance 
of felt on the underside of the leaflets. These features suggest that it may be an 
extreme form or possibly a misidentified specimen. The statistical examination 
in this instance has a useful by-product – looking at anomalous data and if 
necessary revisiting the specimen, and perhaps renaming it. 
 
PCAs seem to offer a good method for the field botanist, who is used to looking 
closely at small differences. The initial test was promising as it separated the 
putative non-member of the group with a certain level of confidence. Figure 24 
(p. 88) shows data points for R. “carrickensis” occupying the two upper 
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quadrants with the majority of them in the upper right. It is very well separated 
from R. peninsulae and both R. botryeros and R. longithyrsiger data points thin 
out in the upper right quadrant. From the results of this test R. “carrickensis” is a 
separate taxon, having more affinities with R. botryeros as suggested by R.D. 
Randall but sufficiently different to warrant further investigation as a new or an 
unrecognised species.  
 
When data from the set of specimens of R. longithyrsiger from a single site 
were included in the PCA it appeared to group with R. “carrickensis” according 
to the first principle component, which did not appear to be concordant with the 
previous test. However, an examination of the distributions by quadrants shows 
a more positive separation. 43 of 45 of data points for R. “carrickensis” occupy 
the upper quadrants with 28 in the upper right. Data points for the remaining 
taxa in this quadrant are R. botryeros (10), R. peninsulae (4), R. longithyrsiger 
(4) and single-site R. longithyrsiger (10) a total of 28. In the upper left quadrant 
R. “carrickensis” is generally well separated from the other taxa. The variability 
of single-site R. longithyrsiger may be due to late season collection or to 
environmental factors or a combination of these two factors. 
 
The results of the tests indicate that there is a role for biometrics in the further 
study of Rubus taxa. The ANOVA, Kruskal-Wallis and PCA have produced 
statically significant results therefore biometrics have been helpful in 
discriminating between closely related Rubus taxa. The inclusion of further 
characters including data from floral parts and environmental data is considered 
likely to increase the usefulness of this process. 
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Looking critically at the selection of variables for this study however, a way 
should have been found to widen the field. Ideally there would be the small 
number of variables (five to seven) used in this in study, but reduced from a 
relatively large number of variables (Rahn 2012) and not preselected. Many, 
particularly older, botanists do not know and are unlikely ever to learn the 
specialised techniques of statistical theory. The solution would seem to be that 
the botanist wishing to join utility to the pleasure of fieldwork could communicate 
his or her results to a biological statistician enabling both to spend more time 
working in their area of special expertise. 
 
These observations lead on to the examination of how the field botanist can 
serve the need for further and better data. Three summers of fieldwork with a 
specific task in mind have provided opportunities to consider how to make 
fieldwork more useful. Measurements, and perhaps to an even greater extent, 
statistics, could in the words of French batologist D. Mercier “Help others to see 
what we can see”. His method of collection is to take many photographs in the 
field and to immediately press specimens, examining them in detail in the 
evening after fieldwork. Some batologists will wrap their specimens in damp 
newspaper before putting them in a large tube, so that they can be studied in 
detail later as if still on the bush. Others use plastic bags to keep specimens for 
study at home. As long as effective data are recorded the precise method is not 
important. The problem appears to be the lack of data. 
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Chapter 3: Fieldwork 
Table 22: Floral characters recorded on herbarium sheets 
Reference 1 2 3 4 5 6 7 8 9 10 11 12 
HU33496             
21-480-016             
28-131-2281             
75-149-3086            ✓ 
86-81-3776             
BM000045213 ✓     ✓  ✓   ✓  
BM001111863             
BM001111864             
BM001111873            ✓ 
BM00111187             
V1999-018-015             
35-2-2             
V95-20-078             
V97-47-419             
IMGP9612             
IMGP9613             
IMGP9617             
IMGP9620 ✓     ✓     ✓ ✓ 
IMGP9623             
IMGP9627             
IMGP9634             
IMGP9642             
DSCN0458 ✓ ✓  ✓ ✓ ✓ ✓ ✓     
DSCN0459 ✓    ✓ ✓ ✓ ✓     
DSCN0460 ✓ ✓    ✓ ✓ ✓    ✓ 
86-81-394             
BM000792056             
BM001111849             
BM001111850 ✓     ✓ ✓ ✓   ✓ ✓ 
BM001111834             
 
The above table records, under the heading “Reference”, the first 30 specimens 
used in this study (as a random group), to examine the extent to which details 
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have been omitted from herbarium specimens in collections. The key to 
numbered columns is as follows: 
  Length: 1 stamens relative to styles 
Hairiness: 2 petals, 3 receptacle, 4 young carpels, 5 anthers 
Colour: 6 petals, 7 filaments, 8 styles  
Size: 9 flowers, 10 petals 
Outline: 11 petals 
Other: 12 
Some characters (size, shape and marginal hairs) can be determined if a set of 
petals is included in the collection, but they should be collected separately 
before pressing, to avoid having to dissect the specimen. Historic collections 
rarely include a separate set of petals although more recently collectors have 
included them. In some cases, the relative length of stamens to styles can be 
determined from a herbarium specimen but dissection is likely to be needed. It 
will be seen that scoring for the presence or absence of hairs on the anthers, 
young carpels and receptacle only occurs in three of a possible 90 instances 
(columns 3, 4 and 5). It is difficult to judge whether hairs apparently on the 
carpels are in fact on the receptacle (Edees & Newton 1988), without 
dissection. This is best done in the field or at least before pressing, again to 
avoid having to dissect part of an herbarium specimen with the consequent risk 
of causing further damage. Finally, the colours of petals, styles and filaments 
fade to a more or less uniform light buff on drying. The dearth of supplementary 
information provides an extremely good argument for full and systematic note 
taking.   
Other difficulties observed include: 
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   Collecting insufficient and unrepresentative material 
  Failing to record adequate field data 
  Mixing collections through inadequate labelling  
  Failing to make fully legible notes 
  Uneven quality of photographic work 
  Poor correlation between specimens and data 
  Using inadequate materials (e.g. non acid free mounting paper) 
  Poor curation 
While a traditional herbarium is a collection of dried and preserved physical 
specimens, a virtual herbarium is image-based and capable of combining a 
wide range of data at a single node. This allows the collection to be put to a 
number of uses, particularly the low cost transmission of information 
between curators, researchers and specialists. Rita et al. (2003) describe 
multiple datasets stored with images taken in the field and the herbarium. A 
sophisticated and interactive system developed by the Wichita State 
University includes automatic field tagging via the Biofinity iPhone 
application, and predictive modelling for endangered and invasive species 
(Jameson & Matveyeva 2010). Murrell and Barkworth (2010) point out that 
curatorial and taxonomic expertise is essential to the formation of 
collections. While this might be considered to be self-evident, it is a reminder 
that a project involving the preservation of physical specimens and the 
recording of electronic data must involve and affect a series of other 
processes. 
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Results: an outline methodology: 
The main processes involved in forming and managing a virtual herbarium, and 
in which research skills will need to be developed and/or improved are: 
  searching for and within databases 
  finding and collecting virtual specimens where available for download 
  locating previously recorded sites 
  searching for additional sites 
  collecting specimens 
  photographing localities and specimens in the field and recording field 
data 
  photographing specimens in the herbarium and recording biometric data 
  naming specimens  
  identifying un-named material for further study 
  archiving specimens and data 
  curating specimens and data 
The need for other skills should be explored. 
 
Searching for and within databases: 
Carrying out an online search for major collections; identifying contact person; 
developing an enquiry form to enable information to be obtained; translating 
from or obtaining translations of mainly French and German texts.  
 
Finding and collecting virtual specimens: 
Using institutions’ search systems to access information; ascertaining 
procedure for ordering scans or photo images; ascertaining copyright 
procedures and charges. 
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Locating the relevant literature: 
Consulting (e.g.) journals: Journal of Botany (1863-1942), Watsonia  (1948-
2010); books of authority: Keble Martin and Fraser (1939); herbaria and 
databases: HerbariaUnited (2015) and French (2014), for records in Scilly, 
Cornwall and East Devon. BSBI Maps (2015) for details of species and 
localities.  
 
Searching for additional sites: 
Undertaking a virtual survey using online maps and identifying prospective sites 
by a combination of habitats and localities (e.g., wood-edge situations near 
watercourses for R. longithyrsiger); identifying other combinations for this and 
other species; plotting routes and planning fieldwork routes to link actual and 
prospective sites.  
 
Collecting specimens: 
Operating a Health and Safety policy for indoor work and fieldwork. Designing a 
checklist for clothing and equipment to be used in fieldwork; ensuring batteries 
are charged and that replacement batteries are included; designing a form to be 
used when collecting material and information; include electronic and hard copy 
of species descriptions; and environmental audit details from JNCC (2004); 
visiting localities and testing collection methods. Carrying out collection of 
material and information via fieldwork. 
Photographing localities and specimens in the field and recording field data: 
Undergoing training in the field; visiting localities and testing photographic 
methods; following procedures previously designed and tested. 
107 
Photographing specimens in the herbarium and recording biometric data: 
Designing an Excel spreadsheet for recording data; receiving training in  
photomicroscopal and macro photography; obtaining and using a long-arm 
stereomicroscope for examining and measuring specimens; and onscreen 
Onde rulers and compasses for virtual specimens.  
 
Naming specimens: 
Collecting descriptions by the major authorities: Babington (1869), Moyle 
Rogers (1900), Sudre (1908-1913), Focke (1914), Watson (1958), and Edees 
and Newton (1988); and of R. peninsulae in Rilstone (1950), Watson (1958), 
and Edees and Newton (1988); and to invite expert opinion via fieldwork (R.D. 
Randall), e-mail (D. Mercier, M. Porter and R.D. Randall) and written 
correspondence (D.E. Allen).   
 
Identifying un-named material and further study: 
By correspondence with experts as named above. Should it become apparent 
that a new name is appropriate for one or more taxa, it is suggested that this 
should be the subject of further study, including DNA sequencing, the latter by 
others. 
 
Archiving and curating specimens and data: 
Consulting the authoritative 3rd edition of Bridson & Forman (1998) to update 
skills and methods in managing a traditional herbarium; studying skills 
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management; exchanging information with fellow students on the relative merits 
of Dropbox vs iCloud; obtaining expert opinion of degradation of pdf images. 
 
Other Research 
Subjects for further study to add to the field botanist’s skill base: 
  Photograph and database an existing Rubus herbarium and publish the 
data online 
  Carry out fieldwork with botanists at different levels of experience to 
observe how taxa are recognised 
  Observe good practice in conducting and attending field meetings 
 
Fieldwork: 
The main objective is considered to be preparing an effective methodology. 
This is essential to ensure that all necessary data have been recorded and 
made ready for analysis. Tomović et al. (2002) discuss the scientific value of 
fieldwork and also refer to the contributions it makes to education and 
conservation. Their article covers fieldwork from planning to data and specimen 
storage. The authors state that botanists would be more likely to carry out 
fieldwork if a systematic methodology was available. Historically, as revealed by 
the receipt of images from British/Irish herbaria, a study of (virtual) Continental 
collections mainly available at MNHN (2013) and a two-day physical search in 
the herbarium of the British Museum, data collection in the field has proved to 
be very variable and often basic. The example in Figure 27 (p. 109) provides no 
more than the minimum four details (Species, Locality, Collector and Date). 
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Figure 27: A typical herbarium label with minimal information 
 
© National Museum of Wales: permission to reproduce this image has been 
granted by the copyright holder 
 
The label from Hb. NMW ref: 21-480-016 was from a specimen collected by 
Rev. A. Ley, who made frequent gatherings of R. “oigocladus” (= R. botryeros) 
from Dinmore Woods during the heyday of the Botanical Exchange Club. 
Further information to be gained about the Dinmore plant depended largely on 
brief written conversations such as the excerpt from p. 332 of the Report of the 
Botanical Exchange Club of the British Isles, 1891 (Figure 28).  
Figure 28: Ley and Rogers’ discussion on the Dinmore Wood Rubus
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Edees and Newton (1988) and Newton and Randall (2004) do not regard R. 
omalodontos as a member of the British/Irish Rubus flora; and Kurtto et al. 
(2010) place it in the Series Vestiti, separate from the Series Pallidi where they 
list R. botryeros, R. longithyrsiger and R. peninsulae. The writers agree in not 
listing R. fusco-ater or R. oigoclados as taxonomic entities, but beginning with 
Watson (1958) the latter name was considered to be a synonym of R. 
botryeros. Although interesting as pointing towards the plant that Focke would 
eventually name R. botryeros, no taxonomic information can be gleaned from 
the published details. Some plant collectors made more extensive notes and 
shared them by including them on the herbarium sheets (Figure 29). 
 
Figure 29: Notes made on a Rubus herbarium label 
 
© Cambridge University: permission to reproduce this image has been granted 
by the copyright holder 
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This sheet from Hb. CGE with Miles’ collection of R. peninsulae ref: 13105 is 
more valuable to researchers because of the information the collector has 
added. Consulting detailed annotations enables the student to attend (as it 
were) a series of “virtual symposia”, which help to shed light on descriptions in 
the literature.  
 
Conducting Exploratory Fieldwork 
In order to test a system of collection, a Rubus workshop was organised on 
Carrine Common, the disused railway line, and riverside and road verges in 
Truro, Cornwall on Saturday 13th July 2013. The event was attended by six 
members of the Botanical Cornwall Group, all experienced botanists, only one 
of whom had previously collected Rubi. Fieldwork was planned as an 
introduction to the methodical study of Brambles and aimed to: 
  Locate and identify six species 
  Discuss collection techniques 
  Point out key characters  
  Provide species profiles including images 
  Recommend a bibliography 
  Field test a predesigned collection form (Figure 30, p. 112) 
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Figure 30: Rubus field collection form – prototype 
 
 diam. colour shape     texture length breadth hair attitude 
   2d 3d          
Stem          
Flowers          
Petals          
Stamens          
Anthers          
Styles          
Carpels          
Receptacle            
Sepals          
 
 
Problems could arise from: 
  A mixed collection. Make sure that you have collected the 
barren stem and inflorescence from the same plant or plants 
(even though experts can detect a mixed collection) 
  Stressed habitats, e.g. deep shade or where the ground is 
particularly dry 
  Inflorescences that are too big and elaborate, such as the 
secondary ones that develop from the base later in the year 
  Inflorescences developed at the tip of a barren stem – 
spectacular but untypical 
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  An inflorescence that is only just beginning to flower or which 
is very small (unless they are all very small) 
 
Collection desiderata are developed from the recommendations of Edees and 
Newton (1988) and observations made by R.D. Randall. Further advice to 
collectors is as follows: 
  Seek out healthy and representative plants 
  Collect two sets of everything: one to send to a specialist in 
case of doubt for identification/confirmation and one to keep 
  Each set should include: a length or lengths of the barren 
stem. If the number of leaflets varies, include one leaf of each 
type – at least 2 leaves per set, more if necessary. 
  A complete inflorescence including the first leaf below the 
flowering part 
  Separately press half a dozen or so petals per set 
  Digital images help in identification 
  In the press, pack out specimens with extra drying paper, to 
take account of the thickness of stems, etc. 
 
The target species were: R. adscitus, R. cornubiensis, R. daveyi, R. orbus, R. 
ramosus, R. rilstonei and R. rubritinctus, all of which are well represented in 
Cornwall (BSBI Maps 2015). The opportunity was provided for all those 
attending to collect specimens and take photographs. A flower of R. adscitus 
was opened to reveal characters to be included in field notes (Figure 31, p. 
114). 
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Figure 31: Details of a Bramble flower 
 
By enlarging a section from the digital image of a flower of R. adscitus taken at 
Carrine Common, West Cornwall, v.c. 1, it is possible to distinguish hairs on the 
receptacle (arrowed) and on the young carpels (green), characters that can be 
confused. In addition, the main image recorded: 
  Arrangement and colour of petals 
  Relative length and colour of stamens and styles 
  Details of sepals 
Further notes were taken using the form at Figure 30 (p. 112). This was found 
to be unworkable in practice as there was insufficient space for legible data to 
be recorded, and not all the important site details could be included. Following 
the trial, a larger and more inclusive collection sheet was designed, and the 
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opportunity taken to refine it whenever specimens were collected. Figure 32 is 
an example of a completed form in a later version. 
Figure 32: Rubus field collection form – later A4 edition 
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Advantages and disadvantages of using a form were noted during fieldwork, 
with the following results: 
Advantages 
1. The amount of information that can be recorded on an A4 form is a 
considerable improvement on the often sparse notes (if any) found on 
herbarium sheets or in the literature. 
2. Key characters, particularly those relating to floral parts, can be recorded 
before pressing, after which they become difficult if not impossible to observe. 
3. Environmental notes, usually completely lacking in historic collections, enable 
variation in (for example) stem armature and leaf size to be assessed in relation 
to external factors including exposure to sunlight, dampness or the prevailing 
wind. 
4. It is not always possible to record images of sufficient quality in the field. 
While digital cameras and mobile phones allow many images to be taken, 
circumstances can arise where written notes are the only clear record of an 
important character. 
Disadvantages 
1. Carrying and using an A4 clipboard adds a layer of practical difficulty, 
especially in poor weather. 
2. It is impossible to use this system of recording when attending a Rubus field 
meeting, as the time taken to note details invariably results in the writer falling 
progressively behind and losing information. 
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3. The number of specimens that can be examined in the field is considerably 
less than could be achieved by simply collecting material. This can be alleviated 
to some extent by recording site details only and examining (for example) floral 
parts before pressing the specimens at home or in the laboratory. 
Having studied the advantages and disadvantages it does appear that clear and 
detailed notes, using a form of the kind devised, provide a valuable resource for 
the field botanist, and for others who will rely on the data. The system depends 
on effectively tying the specimen, and ultimately each separate part of it, to the 
data. Two check boxes are included on the form, one to be completed when all 
the material has been tagged and the other to repeat the collection number, the 
latter as a safeguard against entering the wrong number on a form or a label. 
 
Procedure for Fieldwork 
Having written an itinerary for the day, the localities were visited in order, and 
random stops made at likely sites en route. Woodland, particularly wood edges, 
were found to be the most promising. A search was made for bushes that 
appeared to be, or were similar to, the taxa under review. When the decision 
was made to collect material, the following procedure was followed:  
1. The GPS was turned on. 
2. The collection form was used to record site and other data including 
the date and collection number (Figure 32, p. 115). 
3. As soon as the GPS had acquired sufficient satellites to give a reading 
that was within reasonable limits (±10m), the grid reference was 
recorded, photographically and in writing. 
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4. The form was used to record features that would not be apparent after 
material was collected, e.g. shape and form of petals, details of the 
carpels, stigmas and stamens, and the approximate angle of the 
primocane from horizontal. 
5. In situ plant details were recorded with a digital camera. 
6. The form was used to check that all the details had been recorded. 
7. Material was, tagged and put into a plastic bag (Figures 33-35, pp. 
118 & 119).  
Figure 33: cutting a stem piece from the primocane
 
© S. Bates: permission to reproduce this image has been granted by the 
copyright holder 
 
8. A further check was made on the collection number, and this number 
entered again at the foot of the collection form.  
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Figure 34: Tying a specimen label
 
© S. Bates: permission to reproduce this image has been granted by the 
copyright holder 
 
Figure 35: Bagging the specimen
 
© S. Bates: permission to reproduce this image has been granted by the 
copyright holder 
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9. The same number was immediately written onto a label, and the label 
tied onto the plastic bag (Figure 36). 
Figure 36: Tying the label 
 
© S. Bates: permission to reproduce this image has been granted by the 
copyright holder 
 
10. The collection form was placed in a plastic wallet and the wallet 
placed in a ring binder.  
11. On completion of data and specimen collection, the collection form 
was photographed, to link subsequent images to the locality, and site 
details were recorded, with a camera phone. 
12. The GPS was turned off and a check made to ensure that no 
equipment or rubbish had been left on site, and that the locality was left 
in a satisfactory condition. 
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Discussion and critical review 
Fieldwork in 2013 revealed a number of weaknesses in planning and 
application. All five specific localities were visited and a numerically sufficient 
set of specimens was obtained. The following list illustrates the main problems 
encountered and the steps taken to improve the efficiency of fieldwork in 2014. 
  The accuracy of the GPS was of concern, as the same make and model 
might give different readings at the same site. However, participants 
suggested that accuracy within a 100m square is reasonably accurate for 
plant records. In practice it was possible to improve considerably on this. 
  The time needed to carry out a precise and detailed examination at each 
site was found to be a major difficulty. Other members of a group or a 
single companion would inevitably wish to take less time and the 
recorder found that notes were too often scrappy and inadequate. The 
solution was to make more fieldwork trips alone. 
  The form was found to be insufficient in that no floral detail boxes had 
been included. The fact that these details were wanted had to be 
remembered, increasing the possibility of errors occurring. Floral data 
are not included in the above statistical analyses, as they were not 
recorded uniformly in historical collections. However, these data should 
be included, to enable material from future field collections to be more 
accurately identified.  
  It was found that the “Exposure & Humidity” box would not necessarily 
enable sufficient detail to be taken. “Aspect” was added, to ensure that 
the important element of exposure to sunlight was taken into account. 
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  Figure 32 (p. 115) shows the amended and improved form ResM002. 
  A further problem was that images were not always checked for quality 
on site. Those taken at Hendra in 2013 were inadequate and as they 
were not checked in good time this was not recognised until too late in 
the season. 
  Problems were experienced with photographing the GPS reading 
because of shading and reflection. The solution was to place the 
instrument on the ground and photograph from about 900 mm away. This 
provided a clear image, which could be resized to give a legible reading 
(Figure 37).  
Figure 37: Photographing GPS readings
 
On the right, an image of the GPS taken from approximately 900 mm to avoid 
shading and reflection, and (left) the same image resized to show the reading 
clearly. The details recorded on the Rubus fieldwork collection form have been 
transferred to a digital file and printed (Figure 38, p. 123). 
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Figure 38: Written-up site notes from Bircham Valley 
 
 
The physical copy can be stored with the herbarium specimen and a digital 
copy filed in a database. The path taken through the dichotomous key in Edees 
and Newton (1988) is recorded, to enable other researchers to follow the 
decisions made by the collector in reaching his/her determination. The sketch 
plan ensures that the locality can be revisited (assuming that no changes have 
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taken place), and the grid reference enables the record to be plotted as 
accurately as possible. 
Photographic record  
Specimens were photographed (Figure 39), initially with a Nikon Coolpix P6000 
camera, and for macro work a Nikon D80 DSLR and 55 mm lens (Figure 40, p. 
125). An iPhone was also used, for general photography. 
 
Figure 39: R. botryeros at Bircham Valley – inflorescence 
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Figure 40: Fine detail recorded with a 55 mm lens 
 
 
Stem-piece, R. c.f. caesius, Lelant churchyard, West Cornwall, v.c. 1, 6 June 
2013, ref. KS13.N1 
Problems arose with photographing specimens, initially because too high a 
resolution was expected but not achieved. While reasonable clarity could be 
obtained, colour balance was not always adequate. Eventually it was found that 
instead of using professional equipment (camera, stand and lighting), good or at 
least adequate detail could be obtained by using the Coolpix P6000, handheld 
and using the head and arms as an improvised tripod support. This is relatively 
slow because a number of exposures were needed before a clear image was 
obtained. In 2014 a Kaiser stand and lights were used, to explore whether this 
apparatus, combined with a DSLR, would improve image quality. This has not 
produced a noticeable improvement. When specialist advice (Hunnex 2014) 
was obtained it became clear that improvement in photographic quality is 
subject to rapid cost increments. Digitising equipment in use in some museums 
could cost in excess of £60,000. Recent developments in iPhone photography 
have enabled images to be taken relatively quickly. The device can be fixed to a 
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stand and the image exposed by a Bluetooth remote shutter control eliminating 
one source of vibration; while distortion can be minimised using a free mobile 
phone app (Intsig 2015). Although the lens is small the back (also called “rear”) 
camera has a virtual 8-megapixel resolution. The images exposed at ISO 50; 
4.2 mm; f/2.4; 2448 x 3264 are of fair to good quality and the camera can be 
used to take many exposures in a session, provided there is a power source. 
Archiving  
Images were stored in dedicated files under the general heading “ResM Admin”. 
Folders named (e.g.) “Rubus longithyrsiger and simulants” contain images from 
all sources, including material collected in the field. There is an obvious but 
striking difference between images preserved and living material, as 
demonstrated in Figures 41 and (p. 127) p. 42. Visual field records and those 
made soon after collection add considerably to the researcher’s ability to record 
detail that will be lost after pressing and drying. 
Figure 41: detail of type specimen R. longithyrsiger 
 
 
© Cambridge University: permission to reproduce this image has been granted 
by the copyright holder 
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Figure 42: Image of R. longithyrsiger from the type locality 
 
 
The image shows a typically well-developed inflorescence, described by  
Babington (1848) as “beautiful and conspicuous”. 
Data safety 
Folders containing images were backed up routinely during and following 
creation or amendment to a Kingston® 32Gb Datatraveller flash drive; at weekly 
Time Machine backup sessions to a Verbatim 500Gb remote hard drive (Figure 
43, p. 128); and at monthly intervals to a third party data holder (A. Cockcroft, 
Roscrow, Cornwall). Storage via The Cloud may supersede the need for local 
backup sessions but it is considered prudent to copy files to an independent 
remote location such as a flash drive, to guard against catastrophic data loss.  
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Figure 43: Verbatim remote drive and Kingston® flash drive 
 
 
Physical archiving 
Drying 
  Material was closely examined and any defective portions removed. 
  Each section was placed in the press and packed out as necessary to 
avoid undue shrinkage on drying. 
The press was placed in a suitable environment and checked after 24 hours. 
This enabled last adjustments to be made before the specimens became too 
stiff and dry to manipulate. Indoors two satisfactory places are an airing 
cupboard; and above a Rayburn stove. In sunny weather natural drying outside 
produces satisfactory results (Figure 44, p.129). 
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Figure 44: Specimens drying in the sun 
 
  After drying the material was placed in temporary (newspaper) covers, to 
facilitate data collection before mounting. 
  Once dry, one set of specimens was mounted as set out below and a 
duplicate set was kept in its temporary cover to facilitate postage to a 
specialist. 
Mounting  
  All materials used were acid free apart from ink. The use of acid free ink 
was considered but not pursued as (a) acid free pen nibs were too broad 
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to enable neat and concise labels to be written; and (b) it was noted that 
no deterioration caused by ink was evident to specimens up to 150 years 
old. 
  Specimens were fixed to herbarium paper with bookbinder’s tape. On 
advice from specialists and examination of specimens in major 
collections, less tape was used and paper tape substituted in order to 
reduce (as far as possible) potential surface loss from the specimens. In 
addition, should the specimen need to be transferred to another sheet, 
less time would be needed and less damage caused in the process. 
  A pre-printed paper label was fixed to the herbarium sheet with glue and 
data copied on to the label from the collection sheet. Additional data 
were printed on to paper and glued to the sheet. An example of the 
resulting specimen is shown in Figure 6 (p. 41). 
Storage 
  Prior to long-term storage sheets were wrapped in plastic refuse sacks 
and placed in a laboratory fridge at 25o C for one week as a biocide.  
  After treatment sheets were stored in genus folders and placed in 
clamshell boxes. 
  Material is examined on a six-monthly cycle and treated by freezing 
where any evidence of infestation evidence is found. 
  Material is stored in Hb. K. Spurgin at 4 Carclew Terrace, Truro, 
Cornwall, England TR1 2EF; keithspurgin1@icloud.com.  
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Chapter 4: General Discussion 
Focke (1877) advised students of the genus Rubus to painstakingly investigate 
smaller groups of forms (the actual size unspecified) to give a definite direction 
to experiments and so lead to further studies. Setting a practical example, he 
devoted considerable time and energy to compiling a world list of species, 
which he published complete with descriptions (Focke 1914). No further attempt 
has been made on this vast subject, so that later researchers until at least Alice 
and Campbell (1999) quote Focke’s Species Ruborum monograph to give a 
picture, however distant, of the global distribution and variety of the genus. The 
extraordinary labours of Sudre, including the monumental Rubi Europae (Sudre 
1908-1913), brought focus to bear on a more circumscribed area, since when 
the leading publications have been Watson (1958), Edees & Newton (1988) and 
Newton and Randall (2004) covering the British Isles and Ireland; the Rubus 
flora of Central Europe (Weber 1995); and finally Kurrto et al. (2010), an 
encyclopaedic work mapping accepted species across Europe. It is not clear 
when another major work of this kind will be published in textbook format, as 
large amounts of data have been posted online and a student can often find 
considerable referenced information on subjects ranging from a single species 
to an entire flora.  
 Watson (1958) advised that careful and complete analysis should precede any 
attempt at a comprehensive synthesis. Any attempt at such an analysis using 
modern techniques is likely to be beyond the reasonable scope of a single 
specialist. Therefore, it would seem appropriate to work in a reasonably 
circumscribed area, studying initially at least a limited number of species. In 
practice there is often a “party introductions” effect where new names are 
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learned only to find that old names are forgotten and have to be re-learned. In a 
study of morphological and molecular plant systematics Duminil and di Michele 
(2009) assert that, while the analysis of molecular markers appears to provide 
more reliable results than studies using morphological characters, there is no 
certainty of confidence in species delimitation by either or any method. They 
report that results obtained using genetic data and those from morphological 
data might not coincide with each other or with the species concept envisioned 
by taxonomists. The use of multiple morphological characters should however 
limit problems associated with environmental influences, as all traits are unlikely 
to be affected. The call is for larger amounts of data and the present study has 
in a small way helped to confirm that this is needed. As described by Allen 
(2001) the basis of fieldwork has not changed significantly since the early 19th 
century, except that collectors did not appreciate the importance of making 
notes on characters that would be lost after specimens had been collected and 
dried (Edees & Newton 1988).  
The precise locality of collection was rarely recorded and habitat notes were 
usually sketchy. The lectotype of R. longithyrsiger is recorded as having been 
collected in Llanberis, Carnarvonshire, and the lectotype for R. botryeros is 
located to Blunt’s Hill, Eggbuckland, Devon. Blunts Hill is a locality that does not 
appear on current or historic maps, despite exhaustive searches online and in 
the Plymouth Records Office and National Records archive. Rilstone and 
Riddelsdell’s brief description of the type locality for R. peninsulae adds the 
almost irrelevant phrase “by a stone heap”, which may or may not refer to thr 
vicinity of a quarry now completely overgrown. All three type localities were 
visited. In the case of R. longithyrsiger, Babington’s 1847 route around Llyn 
Padarn was described in his journal (Babington 1897), allowing it to be 
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recreated, and enabling the plant to be seen in several places. Blunts Hill was 
never found on the map or in the archive, but collections made along Blunts 
lane, particularly in Bircham Valley, were reliably R. botryeros. The habitat at 
Newbridge/Cadsonbury was overgrown but material had already been collected 
there quite recently. There was no difficulty with R. “carrickensis”, which has an 
address and postcode in Truro. In addition, the locality was recorded via GPS 
and verified using online maps, and the data recorded digitally and on paper. 
The site can be re-found with a minimum of effort, leaving time for further 
exploration and recording. In addition, herbarium specimens exist and digital 
images of the living and preserved plants, together with morphological and 
environmental data, can be shared with the world. 
 
Herbaria have formerly been solely available by physical access and this places 
obvious restraints on researchers. The revolution in photographic techniques 
has made considerable amounts of visual data available for online access, 
enabling information to be consulted and a preliminary examination to be made 
of specimens. Barkworth and Murrell (2012) see this development as making 
the canvas of biodiversity widely available while improving communications 
between among workers in and with herbaria. Erol et al (2009) show a logical 
extension of digital photography techniques whereby detailed taxonomic data 
are captured during fieldwork. Bunting et al. 2014 describe a variety of relatively 
inexpensive ways in which DNA could be sampled in the field, via commercial 
molecular analysis. The authors point out the suitability of this technique for use 
by volunteer researchers in the United Kingdom. This recent development adds 
to the evidence that botanists are increasingly able to provide in the form of 
detailed information, not only of plants and their localities, but habitats, 
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associated species and environmental influences. The Botanical Society of 
British and Ireland views its voluntary status as a key strength, enabling it to 
carry out nationwide surveys and to publish atlases, county floras, and registers 
of rare and threatened species. Ellis and Walker (2011) set out a detailed 
methodology designed to provide accurate data, in order to advise government 
and other bodies of the distribution and changes in density of flowering plants 
and ferns. BSBI field meetings have been organised and conducted by BSBI 
members in Cornwall, Devon, Somerset and Sussex to examine the local 
Rubus species. Reciprocal visits have been paid by English and French 
batologists. With improved information sharing it is more likely that the spread of 
known species can be recognised, and new species brought to light. Holub 
(1997) reports the occurrence of a local biotype occupying a single kilometre 
square. It was later found to have a much wider distribution, and in accordance 
with the Weberian concept it was eventually described as a new species and 
named R. vratnensis. If this taxon had not been recorded as a candidate 
species, it would not have been recognised as worth naming, or might have 
waited much longer before it was recognised as a scientific entity.  
 
The importance of site notes and the need to deposit the originals as hard copy 
are set out in Maloney (2013). Clearly the archaeologist will usually only have 
one opportunity to collect data; but this will frequently be the case (in effect) for 
the field botanist, who will not necessarily have had the opportunity to revisit 
localities before the data are needed for processing. Unless repeated site visits 
form part of the experimental design, more than one visit to a locality will use 
time and resources that are only ever limited. Marsh (2015) describes a robust 
site methodology to enable legal claims to be defended by property 
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professionals, including taking a large number of photographs and extensive 
site notes. While the collection of field data is not generally carried out under 
the same onerous conditions of liability, where an opinion is open to challenge 
by legal process, the field worker owes a similar duty of care to ensure scientific 
accuracy and therefore accountability. Botanical fieldwork and plant analyses 
are frequently and increasingly used in forensic research. Nybom et al. (2014) 
provide an overview of how DNA analysis, including studies of Rubus taxa, has 
been increasingly of use in forensic investigation; while Caccianiga et al. (2012) 
describe the development of these techniques in a specific area, that of the 
investigation of clandestine burials. It is suggested here that a similarly robust 
methodology for carrying out taxonomic fieldwork, though needing more time, 
would provide considerably more useable data and facilitate further research. 
Extracting data from virtual material has revealed that specimens frequently 
lack sufficient field data, including precise localities, habitat notes and details of 
flower structure. The methodology proposed for fieldwork uses pro forma data 
collection including GPS, in vivo observations, digital photography and digital 
storage and retrieval. This enables virtual specimens to be investigated with the 
benefit of notes on features that would disappear on pressing, and allows 
information to be more readily shared, both nationally and internationally. 
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Chapter 5: Conclusion 
Results 
This study concludes that the means of five variables obtained from three 
closely related Rubus species were statistically significantly different, and that 
the results agreed with the determinations of specialist authors and collectors. It 
also separated a fourth species from the group with the proviso that a further 
test indicated the possible influence of environmental factors on data from 
single-site collections. This may or may not be expected when a series of 
morphologically plastic entities is examined using investigative techniques that 
are themselves, in some quarters at least, subject to debate. The inherent 
difficulty in approaching a statistical methodology is discussed by Thiese et al. 
(2015), who claim that there are many differences of opinion and, broadly, that 
research is too often results-led. The authors refer to the complexity of software 
packages and the lack of consensus as to the best methodology to adopt. 
Meanwhile species delimitation, always debatable, has become ever more 
problematic according to Carstens et al. (2013), who describe an extremely 
complex field of study. They recommend the collection of large amounts of data 
and investigation by a number of different methods. It is hoped that the 
methodology proposed in this study will go some way towards helping the writer 
at least to carry out more effective fieldwork. Meanwhile the study itself does 
present some subjects for potential further investigation: 
 
  Are the two closely related Bramble species R. botryeros and R. 
longithyrsiger extremes of a complex of allied forms; and was Rogers 
(1900) correct when he made the former a variety of the latter? 
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  Are the three (and possibly four) variants of R. longithyrsiger sufficiently 
separated morphologically to require description as one or more new 
species, and are they sufficiently widespread to warrent this approach? 
  A similar question arises in relation to the two alleged R. botryeros forms. 
  Should DNA analysis support future attempts to name Rubus species 
new to science?  
 
Stace et al. (2015) report that many British and Irish field botanists are still not 
interested in recording Brambles except in the aggregate sense as R. fruticosus 
L. Until recently the non-specialist wishing to begin a study of the subject would 
consult standard works: Edees and Newton (1988) and Newton and Randall 
(2004), together with scattered publications in journals. Those wanting to take 
their studies further could send material to Rubus specialists for naming, and 
attend field meetings. Fieldwork is usually confined to 6-8 weeks in summer and 
is dependent on weather conditions, personal resources and commitments. The 
learning process tends to be slow and frequently involves forming an herbarium. 
The words of an expert often (and often quite rightly) carry the weight of a 
judicial decision, the rationes decidendi, and frequently those asking for an 
opinion have little choice but to rely on them. Replies are not always brief, but in 
some cases the word “no” written on an herbarium sheet suffices to tell the 
correspondent that his/her identification is incorrect. In such cases there is no 
trail of enquiry and the work of attempting to identify the specimen has to be 
done all over again.  
 
While these traditional resources remain available, over the last 20 years there 
has been a rapid and considerable expansion of digital information systems. 
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Students of the Rubi can now consult specialist websites and obtain data and 
opinions from across the globe. Bawden and Robinson (2009) however contend 
that engagement with what could amount to information overload can be 
double-edged. Meanwhile Ahrends et al. (2011) report a marked decrease in 
resources for practical training in taxonomy and recording. The writers call for 
greater investment in training and facilities, including access to herbaria. In 
France there have been significant movement towards sharing specialist 
knowledge. The enormous digitisation project to make available online images 
of 6 million herbarium specimens has achieved nearly 90% completion. High 
quality and free images of vascular plants can be inspected and studied, 
including over 35,000 databased documents relating to the genus Rubus alone 
(MNHN 2013). The francophone website TelaBotanica hosts among its 
numerous projects the Atelier Rubus, a workshop, or forum, where information 
is shared and discussed (Mercier 2013). The website HerbariaUnited (2015) 
currently has approximately 4,400 databased Rubus specimens, largely the 
result of a digitisation project developed by the South London Botanical 
Institute, which has contributed over 3,000 images, particularly valuable for 
researchers of the Cornish Bramble florula. Somerville (2003) publishes images 
of Rubi taken in the field by D.P. Earl and others, including taxa so far not 
officially named. From 2012 French and English botanists have attended 
reciprocal field meetings, continuing the tradition of international co-operation 
described in Weber (2009).  
 
Conceived as a bridge between field botanists and rapidly developing 
information systems, the present study has examined a method whereby freely 
available virtual material can be analysed using a low-cost measuring system 
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and a freeware statistical package; and a proposed system for recording data, 
which could help to improve both the educational and taxonomic value of 
fieldwork.  
 
Meanwhile, the probability of Charles Darwin’s prediction materialising would 
appear to be statistically remote: 
 
“The endless disputes whether or not some fifty species of British  
 
brambles are true species will cease.” (Darwin 1859) 
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Appendices 
Appendix A 
Lists of virtual specimens, collection notes and sources 
 
Table 23: Rubus botryeros, R. longithyrsiger & R. peninsulae (Rb), (Rl) & (Rp) 
 
 SP LOCALITY V.C. DATE  SOURCE 
1 Rb Hemerdon 3 1947 SLBI334961 
2 Rb Dinmore Wood 36 1896 NMW21-480-016 
3 Rb Dinmore Wood 36 1893 NMW28-131-2281 TL 
4 Rb Dinmore Wood 36 1893 NMW28-131-2281 TR 
5 Rb Dinmore Wood 36 1894 NMW75-149-3086 
6 Rb Near Tregantle 2 1926 NMW86-81-3776 TR 
7 Rb Near Tregantle 2 1926 NMW86-81-3776 BR 
8 Rb Blunt's Hill 3 1894 BM000045213 
9 Rb Above Holford Glen 5 1919 BM001111863 
10 Rb Dinmore Wood 36 1894 BM001111864 BL 
11 Rb Dinmore Wood 36 1894 BM001111864 BR 
12 Rb Looe 2 1924 BM001111870 
13 Rb Goonhavern 1 1908 BM001111873 
14 Rb Goonhavern to Penhallic Water 1 1908 BM001111874 
15 Rb Near Stoneybridge 3 1888 NMW1999-018-015b T 
16 Rb Near Stoneybridge 3 1888 NMW1999-018-015b B 
17 Rb Dinmore Wood 36 1894 NMW35-2-2 L 
18 Rb Dinmore Wood 36 1894 NMW35-2-2 R 
19 Rb Dinmore Wood 36 1893 NMWV95-20-078b T 
20 Rb Dinmore Wood 36 1893 NMWV95-20-078b CL 
21 Rb Dinmore Wood 36 1893 NMWV95-20-078b CR 
22 Rb Looe 2 1924 NMWV97-47-419 L 
23 Rb Looe 2 1924 NMWV97-47-419 R 
24 Rb West Looe Valley 2 1924 BMIMGP9612 BL 
25 Rb By West Looe River 2 1925 BMIMGP9613 T 
26 Rb Sclerder Abbey 2 1998 BMIMGP9617 
27 Rb Sandplace Station 2 1926 BMIMGP9620 T 
28 Rb Near Allet 1 1921 BMIMGP9623 
29 Rb Ventongimps 1 1930 BMIMGP9627 TL 
30 Rb Ventongimps 1 1930 BMIMGP9627 TR 
164 
31 Rb Ventongimps 1 1930 BMIMGP9627 M 
32 Rb Ventongimps 1 1930 BMIMGP9627 LML 
33 Rb Ventongimps 1 1930 BMIMGP9627 LMR 
34 Rb Ventongimps 1 1930 BMIMGP9627 B 
35 Rb Near Plympton 3 1869 BMIMGP9634 T 
36 Rb Ivybridge 3 1894 BMIMGP9642 TL 
37 Rb Ivybridge 3 1894 BMIMGP9642 MR 
28 Rb Ivybridge 3 1894 BMIMGP9642 B 
39 Rb Hingston Down 2 1994 DSCN0458 L 
40 Rb Hingston Down 2 1994 DSCN0458 R 
41 Rb Sheepstor 3 1993 DSCN0459 
42 Rb Sheepstor 3 1993 DSCN0460 L 
43 Rb Sheepstor 3 1993 DSCN0460 R 
44 Rb Penyard Park Wood 36 1956 86-81-394 T 
45 Rb Penyard Park Wood 36 1956 86-81-394 B 
46 Rb Rayrigg Wood 69 2001 BM000792056 
47 Rl Chard Common 5 1893 BM001111849 T 
48 Rl Chard Common 5 1893 BM001111849 M 
49 Rl Queen's Wood 34 1923 BM001111850 
50 Rl Queen's Wood 34 1923 BM001111851 T 
51 Rl Copythorne Common 11 1997 BM001111852 
52 Rl Clawton 4 1927 BM001111855 
53 Rl Lutton 3 1870 BM001111856 
54 Rl Gunnislake 2 1890 BM001111859 L 
55 Rl Gunnislake 2 1890 BM001111859 R 
56 Rl Between Penhallow & Pendown 1 1926 BM001111862 T 
57 Rl Between Penhallow & Pendown 1 1926 BM001111862 B 
58 Rl Llanberis 49 1968 SLBI16568 
59 Rl Near Llanberis 49 1885 SLBI16562 
60 Rl Burnham Beeches 24 1923 SLBI16569 
61 Rl Llanberis 49 1892 NMWV95-20-059a 
62 Rl Near Lismore H6 1961 CGE13102 
63 Rl Lamerton 3 1869 CGE13100 R 
64 Rl Llanberis 49 1847 CGE0003 TR 
65 Rl Llanberis 49 1847 CGE0003 BR 
66 Rl Llanberis 49 1847 CGE0003 BL 
67 Rl Llanberis 49 1847 CGE0003 TL 
68 Rl Exbury 11 1968 NMW86-81-4021b T 
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69 Rl Exbury 11 1968 NMW86-81-4021b B 
70 Rl Hessenford 2 1980 NMW86-81-3712 T 
71 Rl Hessenford 2 1980 NMW86-81-3712 B 
72 Rl Catherine Park Wood 2 1980 NMW86-81-1799 T 
73 Rl Catherine Park Wood 2 1980 NMW86-81-1799 B 
74 Rl Newbridge Wood 2 2013 KS13.07 1 
75 Rl Newbridge Wood 2 2013 KS13.07 2 
76 Rl Newbridge Wood 2 2013 KS13.07 3 
77 Rl Newbridge Wood 2 2013 KS13.07 4 
78 Rl Near Kington 36 1966 NMW86-81-1792 T 
79 Rl Near Kington 36 1966 NMW86-81-1792 B 
80 Rl Harcombe 3 1931 BMIMG_1474 TL 
81 Rl Harcombe 3 1931 BMIMG_1474 TR 
82 Rl Harcombe 3 1931 BMIMG_1474 UM 
83 Rl Harcombe 3 1931 BMIMG_1474 LML 
84 Rl Harcombe 3 1931 BMIMG_1474 LMR 
85 Rl Harcombe 3 1931 BMIMG_1474 B 
86 Rl Bickleigh Vale 3 1928 BMIMG_1477 TL 
87 Rl Bickleigh Vale 3 1928 BMIMG_1477 TR 
88 Rl Between Tintern & Trelleck 35 1893 NMW28-131-2357 
89 Rl Near Llanberis 49 1886 SLBI16561 
90 Rl Lamerton 3 1869 CGE13100 L 
91 Rp New Bridge 2 1924 BM000045348 
92 Rp New Bridge 2 1924 BM000045349 T 
93 Rp New Bridge 2 1924 BM000045350 TL 
94 Rp New Bridge 2 1924 BM000045350 TR 
95 Rp New Bridge 2 1924 BM000045350 B 
96 Rp Restormel 2 1924 BM001111834 T 
97 Rp Restormel 2 1924 BM001111834 ML 
98 Rp Restormel 2 1924 BM001111834 M 
99 Rp Restormel 2 1924 BM001111834 MR 
100 Rp Restormel 2 1924 BM001111834 B 
101 Rp Between Carkeel & Botus 2 1869 BM001111835 T 
102 Rp Cahir H7 2010 BM001111836 
103 Rp Sticklepath 4 1908 BM001111837 TR 
104 Rp Val des Vaux 0J 1994 BM001111840 
105 Rp Betw. St Mary & St Lawrence 0J 1897 BM001111842 BR 
106 Rp Betw. St Mary & St Lawrence 0J 1897 BM001111843 T 
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107 Rp Betw. St Mary & St Lawrence 0J 1897 BM001111843 B 
108 Rp St Martin's 1a 1995 BM001111844 
109 Rp Goonzion 2 1999 DSC_0071 T 
110 Rp Calamansag 2 1924 NMW29-435-034 
111 Rp Goonzion 2 1999 DSC_0071 BL 
112 Rp Goonzion 2 1999 DSC_0071 BR 
113 Rp Ivybridge 3 1894 CGE13103 T 
114 Rp Ivybridge 3 1894 CGE13103 C 
115 Rp Ivybridge 3 1894 CGE13103 B 
116 Rp New Bridge 2 1951 CGE13104 C 
117 Rp New Bridge 2 1951 CGE13104 BL 
118 Rp New Bridge 2 1951 CGE13104 BR 
119 Rp Cadsonbury 2 1974 NMW86-81-2236 T 
120 Rp Ham 3 1991 NWWV97-18-148b T 
121 Rp Burrator 3 1993 DSCN0369 TL 
122 Rp Burrator 3 1993 DSCN0369 TR 
123 Rp Burrator 3 1993 DSCN0369 BL 
124 Rp Burrator 3 1993 DSCN0369 BR 
125 Rp Cadsonbury 2 1993 DSCN0367 T 
126 Rp Cadsonbury 2 1993 DSCN0367 C 
127 Rp Cadsonbury 2 1993 DSCN0367 B 
128 Rp Kit Hill 2 1993 DSCN0368 
129 Rp Cardinham Downs 2 1993 DSCN0370 R 
130 Rp Liskeard 2 1924 NMW86-81-3855 
131 Rp Denham Wood 3 1980 NMW86-81-3897 T 
132 Rp Denham Wood 3 1980 NMW86-81-3897 B 
133 Rp Milton Combe 3 1980 NMW86-81-3892a TR 
134 Rp Milton Combe 3 1980 NMW86-81-3892a B 
135 Rp Near Cadsonbury 2 1974 NMW86-81-2237 T 
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Table 24: Rubus “carrickensis” (Rc) 
 
  TAXON LOCALITY V.C. DATE SOURCE 
1 Rc Campion Cottage, Truro 1 2015 IMG_3527/01 
2 Rc Campion Cottage, Truro 1 2015 IMG_3527/02 
3 Rc Campion Cottage, Truro 1 2015 IMG_3527/03 
4 Rc Campion Cottage, Truro 1 2015 IMG_3527/04 
5 Rc Campion Cottage, Truro 1 2015 IMG_3531/05 
6 Rc Campion Cottage, Truro 1 2015 IMG_3531/06 
7 Rc Campion Cottage, Truro 1 2015 IMG_3531/07 
8 Rc Campion Cottage, Truro 1 2015 IMG_3531/08 
9 Rc Campion Cottage, Truro 1 2015 IMG_3532/09 
10 Rc Campion Cottage, Truro 1 2015 IMG_3532/10 
11 Rc Campion Cottage, Truro 1 2015 IMG_3532/11 
12 Rc Campion Cottage, Truro 1 2015 IMG_3532/12 
13 Rc Campion Cottage, Truro 1 2015 IMG_3534/13 
14 Rc Campion Cottage, Truro 1 2015 IMG_3534/14 
15 Rc Campion Cottage, Truro 1 2015 IMG_3534/15 
16 Rc Campion Cottage, Truro 1 2015 IMG_3534/16 
17 Rc Campion Cottage, Truro 1 2015 IMG_3538/17 
18 Rc Campion Cottage, Truro 1 2015 IMG_3538/18 
19 Rc Campion Cottage, Truro 1 2015 IMG_3538/19 
20 Rc Campion Cottage, Truro 1 2015 IMG_3538/20 
21 Rc Campion Cottage, Truro 1 2015 IMG_3539/21 
22 Rc Campion Cottage, Truro 1 2015 IMG_3539/22 
23 Rc Campion Cottage, Truro 1 2015 IMG_3539/23 
24 Rc Campion Cottage, Truro 1 2015 IMG_3539/24 
25 Rc Campion Cottage, Truro 1 2015 IMG_3540/25 
26 Rc Campion Cottage, Truro 1 2015 IMG_3540/26 
27 Rc Campion Cottage, Truro 1 2015 IMG_3540/27 
28 Rc Campion Cottage, Truro 1 2015 IMG_3540/28 
29 Rc Campion Cottage, Truro 1 2015 IMG_3541/29 
30 Rc Campion Cottage, Truro 1 2015 IMG_3541/30 
31 Rc Campion Cottage, Truro 1 2015 IMG_3541/31 
32 Rc Campion Cottage, Truro 1 2015 IMG_3541/32 
33 Rc Campion Cottage, Truro 1 2015 IMG_3542/33 
34 Rc Campion Cottage, Truro 1 2015 IMG_3542/34 
35 Rc Campion Cottage, Truro 1 2015 IMG_3542/35 
168 
36 Rc Campion Cottage, Truro 1 2015 IMG_3542/36 
37 Rc Campion Cottage, Truro 1 2015 IMG_3546/37 
38 Rc Campion Cottage, Truro 1 2015 IMG_3546/38 
39 Rc Campion Cottage, Truro 1 2015 IMG_3546/39 
40 Rc Campion Cottage, Truro 1 2015 IMG_3546/40 
41 Rc Campion Cottage, Truro 1 2015 IMG_3547/41 
42 Rc Campion Cottage, Truro 1 2015 IMG_3547/42 
43 Rc Campion Cottage, Truro 1 2015 IMG_3547/43 
44 Rc Campion Cottage, Truro 1 2015 IMG_3547/44 
45 Rc Campion Cottage, Truro 1 2015 IMG_3548/45 
 
 
Table 25: Rubus longithyrsiger (Rl1) 
 
 SP LOCALITY V.C. DATE SOURCE 
1 Rl1 Trelissick 1 2015 IMG_3711/01 
2 Rl1 Trelissick 1 2015 IMG_3711/02 
3 Rl1 Trelissick 1 2015 IMG_3711/03 
4 Rl1 Trelissick 1 2015 IMG_3711/04 
5 Rl1 Trelissick 1 2015 IMG_3711/05 
6 Rl1 Trelissick 1 2015 IMG_3712/06 
7 Rl1 Trelissick 1 2015 IMG_3712/07 
8 Rl1 Trelissick 1 2015 IMG_3712/08 
9 Rl1 Trelissick 1 2015 IMG_3712/09 
10 Rl1 Trelissick 1 2015 IMG_3712/10 
11 Rl1 Trelissick 1 2015 IMG_3713/11 
12 Rl1 Trelissick 1 2015 IMG_3713/12 
13 Rl1 Trelissick 1 2015 IMG_3713/13 
14 Rl1 Trelissick 1 2015 IMG_3713/14 
15 Rl1 Trelissick 1 2015 IMG_3713/15 
16 Rl1 Trelissick 1 2015 IMG_3715/16 
17 Rl1 Trelissick 1 2015 IMG_3715/17 
18 Rl1 Trelissick 1 2015 IMG_3715/18 
19 Rl1 Trelissick 1 2015 IMG_3715/19 
20 Rl1 Trelissick 1 2015 IMG_3715/20 
21 Rl1 Trelissick 1 2015 IMG_3716/21 
22 Rl1 Trelissick 1 2015 IMG_3716/22 
23 Rl1 Trelissick 1 2015 IMG_3716/23 
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24 Rl1 Trelissick 1 2015 IMG_3716/24 
25 Rl1 Trelissick 1 2015 IMG_3716/25 
26 Rl1 Trelissick 1 2015 IMG_3717/26 
27 Rl1 Trelissick 1 2015 IMG_3717/27 
28 Rl1 Trelissick 1 2015 IMG_3717/28 
29 Rl1 Trelissick 1 2015 IMG_3717/29 
30 Rl1 Trelissick 1 2015 IMG_3717/30 
31 Rl1 Trelissick 1 2015 IMG_3723/31 
32 Rl1 Trelissick 1 2015 IMG_3723/32 
33 Rl1 Trelissick 1 2015 IMG_3723/33 
34 Rl1 Trelissick 1 2015 IMG_3723/34 
35 Rl1 Trelissick 1 2015 IMG_3723/35 
36 Rl1 Trelissick 1 2015 IMG_3724/36 
37 Rl1 Trelissick 1 2015 IMG_3724/37 
38 Rl1 Trelissick 1 2015 IMG_3724/38 
39 Rl1 Trelissick 1 2015 IMG_3724/39 
40 Rl1 Trelissick 1 2015 IMG_3724/40 
41 Rl1 Trelissick 1 2015 IMG_3725/41 
42 Rl1 Trelissick 1 2015 IMG_3725/42 
43 Rl1 Trelissick 1 2015 IMG_3725/43 
44 Rl1 Trelissick 1 2015 IMG_3725/44 
45 Rl1 Trelissick 1 2015 IMG_3725/45 
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Appendix B 
 
Table 26: List of specimens and data collected, Rubus botryeros,  
R. longithyrsiger and R. peninsulae (Rb), (Rl) & (Rp) 
 
 SP PETE PETU TERW TERB TLAM TERT STMT 
1 Rb 60 18 58 29 66 46 7.4 
2 Rb 58 20 68 42 77 51 3.7 
3 Rb 52 26 55 35 79 50 5.3 
4 Rb 63 20 45 32 59 37 5.3 
5 Rb 79 26 64 39 79 45 7.6 
6 Rb 43 18 45 29 60 42 6.5 
7 Rb 48 18 40 21 52 47 6.8 
8 Rb 81 28 55 40 84 54 6.9 
9 Rb 79 31 85 41 99 57 7.5 
10 Rb 70 26 56 31 73 51 6.6 
11 Rb 70 27 67 43 85 50 7.3 
12 Rb 48 18 45 42 65 31 4.9 
13 Rb 86 27 52 47 87 37 6.6 
14 Rb 61 18 41 38 67 33 5.2 
15 Rb 48 15 46 28 63 45 4.3 
16 Rb 57 22 52 32 71 48 4.6 
17 Rb 73 22 52 40 66 45 6.7 
18 Rb 73 18 58 42 70 42 4.1 
19 Rb 71 28 57 34 76 49 4.7 
20 Rb 47 16 43 30 56 36 4.3 
21 Rb 45 16 39 29 58 37 4.3 
22 Rb 50 16 49 41 66 39 7.1 
23 Rb 39 16 48 35 57 42 6.5 
24 Rb 79 28 74 47 94 46 6.5 
25 Rb 58 21 55 34 77 42 4.7 
26 Rb 56 20 56 31 79 42 5.1 
27 Rb 65 15 48 43 80 39 4.1 
28 Rb 77 18 48 42 80 36 6.1 
29 Rb 67 25 56 33 78 42 7.4 
30 Rb 68 22 45 34 73 40 5.6 
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31 Rb 74 27 56 37 81 41 7.1 
32 Rb 66 25 50 39 70 36 6.1 
33 Rb 69 22 52 44 83 38 5.8 
34 Rb 50 17 36 30 57 35 3.8 
35 Rb 59 24 53 30 71 42 5.5 
36 Rb 47 17 48 29 61 42 5.2 
37 Rb 39 16 42 27 59 37 4 
28 Rb 46 23 43 26 56 40 4.6 
39 Rb 49 18 37 28 54 35 7 
40 Rb 71 24 45 32 62 38 6.7 
41 Rb 53 20 52 35 73 54 5.2 
42 Rb 66 26 52 33 70 45 7 
43 Rb 79 23 50 47 72 49 6.8 
44 Rb 68 24 59 46 80 44 6.2 
45 Rb 70 20 64 41 72 39 7.6 
46 Rl 90 28 60 48 94 38 4.2 
47 Rl 59 22 47 33 67 51 3.3 
48 Rl 37 13 38 28 61 42 3.2 
49 Rl 50 18 50 37 72 56 5.5 
50 Rl 67 31 51 40 83 60 5.1 
51 Rl 60 29 61 48 98 43 4.5 
52 Rl 48 17 41 33 66 45 4.5 
53 Rl 82 26 51 36 74 49 6.4 
54 Rl 57 21 51 39 73 53 4.6 
55 Rl 56 22 47 37 72 55 4.6 
56 Rl 61 30 53 37 77 45 3.6 
57 Rl 50 22 58 40 80 55 3.2 
58 Rl 55 24 37 29 57 45 3 
59 Rl 76 26 58 41 86 66 6.7 
60 Rl 63 33 60 45 107 36 4.6 
61 Rl 53 10 42 33 55 55 4.4 
62 Rl 72 33 63 43 93 36 4.6 
63 Rl 56 20 43 36 70 44 3.8 
64 Rl 42 16 41 36 69 39 5 
65 Rl 45 15 40 30 65 43 4.4 
66 Rl 44 19 40 33 67 35 6.1 
67 Rl 51 20 40 31 66 35 5.4 
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68 Rl 50 19 48 42 82 39 3.7 
69 Rl 49 20 45 39 78 47 4.2 
70 Rl 58 31 47 45 79 28 3.1 
71 Rl 42 32 46 45 80 31 4.2 
72 Rl 80 28 59 40 79 50 5.5 
73 Rl 50 25 53 43 87 48 3.5 
74 Rl 59 22 53 42 87 54 5.1 
75 Rl 52 17 41 35 69 43 4.2 
76 Rl 63 18 42 36 65 42 4.2 
77 Rl 57 18 45 34 65 36 3.7 
78 Rl 64 18 50 38 71 47 3.7 
79 Rl 47 22 47 35 73 46 3.7 
80 Rl 51 20 42 39 72 49 3 
81 Rl 52 20 41 35 71 38 3.5 
82 Rl 54 25 48 37 77 42 3.5 
83 Rl 53 21 46 38 79 46 3.5 
84 Rl 50 20 50 38 78 54 4 
85 Rl 49 18 52 42 80 50 4 
86 Rl 54 24 45 39 76 42 4.8 
87 Rl 51 16 41 36 66 46 3.6 
88 Rl 47 21 41 35 68 44 3.1 
89 Rl 83 23 46 37 74 38 6.4 
90 Rl 53 16 42 36 68 51 4.2 
91 Rp 68 33 57 42 86 31 6.7 
92 Rp 51 25 56 42 78 40 5.7 
93 Rp 68 32 63 44 92 37 6.3 
94 Rp 63 33 66 46 95 40 7.8 
95 Rp 56 24 60 48 84 34 7.5 
96 Rp 43 19 45 27 58 38 4.2 
97 Rp 37 21 42 28 57 30 4 
98 Rp 51 28 55 35 70 39 4.6 
99 Rp 30 16 40 26 53 30 4.2 
100 Rp 44 21 46 29 63 35 4 
101 Rp 58 28 53 50 100 43 6.9 
102 Rp 75 29 63 50 95 44 5.6 
103 Rp 43 31 60 33 79 43 5.7 
104 Rp 65 24 47 33 72 27 6.3 
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105 Rp 64 30 63 46 93 35 5.4 
106 Rp 66 26 53 33 80 44 4.8 
107 Rp 50 18 48 28 72 41 4.4 
108 Rp 66 39 66 41 83 34 4.7 
109 Rp 32 17 39 29 57 32 5.9 
110 Rp 62 29 50 40 82 37 6.9 
111 Rp 47 25 51 34 65 34 5.6 
112 Rp 38 22 46 33 65 33 5.8 
113 Rp 52 25 54 36 77 24 4.6 
114 Rp 65 27 47 33 75 31 5.1 
115 Rp 54 25 50 38 87 40 4.4 
116 Rp 31 14 44 28 61 34 3.2 
117 Rp 42 22 46 32 66 41 4.2 
118 Rp 44 18 54 39 74 39 4.2 
119 Rp 42 22 46 35 71 37 3 
120 Rp 57 26 52 40 76 35 6.8 
121 Rp 53 29 47 36 70 31 7.8 
122 Rp 55 27 51 35 71 34 7.8 
123 Rp 42 22 51 39 72 31 7.5 
124 Rp 43 19 55 36 76 35 3.2 
125 Rp 57 22 56 39 82 36 3.8 
126 Rp 42 19 56 34 71 34 3.4 
127 Rp 51 30 57 40 87 32 4.5 
128 Rp 35 21 47 26 64 29 5.4 
129 Rp 82 32 63 39 88 36 6.9 
130 Rp 60 22 51 35 79 34 6.9 
131 Rp 59 26 51 37 78 31 5.4 
132 Rp 41 15 40 30 62 33 4.5 
133 Rp 30 17 36 25 53 29 4 
134 Rp 33 15 37 29 56 32 4.9 
135 Rp 77 25 65 48 96 43 5.4 
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Table 27: Rubus “carrickensis” (Rc) 
 
 SP PETE PETU TERW TERB TLAM TERT STMT 
1 Rc 84 12 38 37 54 27 3.7 
2 Rc 57 20 46 45 80 31 4.1 
3 Rc 61 15 37 38 65 30 5.3 
4 Rc 88 27 44 53 82 36 6 
5 Rc 78 23 44 52 83 36 5 
6 Rc 95 19 36 44 65 33 4 
7 Rc 84 20 34 40 68 29 3.7 
8 Rc 90 27 31 46 82 39 5.1 
9 Rc 67 23 44 51 88 35 4.4 
10 Rc 66 15 35 42 72 30 3.7 
11 Rc 75 21 35 41 72 28 5.8 
12 Rc 89 27 41 45 80 39 5.3 
13 Rc 68 25 44 46 85 37 5 
14 Rc 73 22 48 51 87 33 4.3 
15 Rc 89 24 40 49 83 44 7 
16 Rc 59 17 40 44 83 39 3.3 
17 Rc 74 20 44 49 83 31 4.4 
18 Rc 59 22 48 47 88 41 4.1 
19 Rc 73 20 40 53 78 43 4.5 
20 Rc 72 23 42 48 81 35 5 
21 Rc 63 20 48 47 86 34 4.2 
22 Rc 53 19 38 37 73 35 3.5 
23 Rc 65 20 41 42 71 32 4.6 
24 Rc 66 23 44 49 89 29 4.5 
25 Rc 57 19 46 49 79 38 3.7 
26 Rc 71 27 50 51 89 40 3.8 
27 Rc 77 19 47 49 74 40 4.3 
28 Rc 64 22 42 40 75 37 3.5 
29 Rc 74 19 48 48 85 43 4.1 
30 Rc 67 18 43 50 78 38 3.7 
31 Rc 49 17 42 39 79 37 3.5 
32 Rc 58 19 35 38 76 41 3.7 
33 Rc 60 22 43 44 75 41 3.9 
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34 Rc 77 19 47 52 81 42 4.1 
35 Rc 84 21 42 44 76 32 6.8 
36 Rc 75 31 45 53 86 35 5.4 
37 Rc 71 29 41 47 87 40 5.7 
28 Rc 66 26 40 50 85 37 5.4 
39 Rc 70 26 47 54 87 44 6.7 
40 Rc 54 17 39 48 78 30 6.4 
41 Rc 70 27 47 50 93 40 3.6 
42 Rc 70 29 50 56 97 41 6.3 
43 Rc 68 27 41 52 81 46 5.5 
44 Rc 67 20 41 45 79 30 6.7 
45 Rc 69 27 42 49 89 40 5.8 
 
 
Table 28: Rubus longithyrsiger (Rl1) 
 
 SP PETE PETU TERW TERB TLAM TERT STMT 
1 Rl1 66 22 42 57 95 41 6.4 
2 Rl1 54 19 30 41 70 39 2.9 
3 Rl1 63 21 46 56 95 35 3.5 
4 Rl1 53 17 40 51 82 28 3.5 
5 Rl1 67 28 58 74 114 39 4.7 
6 Rl1 58 18 41 49 85 35 4.6 
7 Rl1 58 17 44 53 83 27 6.8 
8 Rl1 48 22 34 53 78 40 4.9 
9 Rl1 63 28 40 55 80 35 5.1 
10 Rl1 60 27 39 62 94 32 4.9 
11 Rl1 54 24 40 55 81 32 4 
12 Rl1 100 25 41 67 91 43 3.6 
13 Rl1 51 22 39 53 81 40 4 
14 Rl1 46 14 26 39 60 50 3.6 
15 Rl1 82 27 40 64 89 29 2.7 
16 Rl1 62 23 41 58 84 34 3.9 
17 Rl1 67 30 45 63 94 34 5.3 
18 Rl1 68 31 48 67 101 39 6.3 
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19 Rl1 70 25 37 48 69 35 2.5 
20 Rl1 59 20 37 48 76 31 2.9 
21 Rl1 65 23 46 51 88 37 4.6 
22 Rl1 52 17 32 45 64 27 4.9 
23 Rl1 54 19 32 45 65 32 3.3 
24 Rl1 57 20 28 48 64 35 4.1 
25 Rl1 67 21 38 52 72 30 4.4 
26 Rl1 58 23 29 47 69 39 3.4 
27 Rl1 69 24 34 55 79 28 4.3 
28 Rl1 69 31 32 56 75 43 3.9 
29 Rl1 58 21 37 56 72 31 5.2 
30 Rl1 73 22 39 59 74 26 6.1 
31 Rl1 57 23 32 49 68 36 4.4 
32 Rl1 73 25 36 73 84 41 2.9 
33 Rl1 113 31 48 64 90 49 6.1 
34 Rl1 57 15 31 48 62 36 3.8 
35 Rl1 83 22 40 57 79 38 4.7 
36 Rl1 63 23 35 47 75 35 5.1 
37 Rl1 93 28 40 66 85 49 4.1 
28 Rl1 99 34 51 80 94 51 6.5 
39 Rl1 49 23 25 45 65 40 4.9 
40 Rl1 69 22 29 57 65 31 4.8 
41 Rl1 60 30 43 62 91 38 6.4 
42 Rl1 87 20 35 54 78 37 5.7 
43 Rl1 51 22 39 51 83 38 4.3 
44 Rl1 61 19 37 48 70 39 3.4 
45 Rl1 65 32 47 66 97 32 6.8 
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Appendix C 
INFRAGENERIC TREATMENTS OF THE GENUS RUBUS L. IN THE 
BRITISH/IRISH FLORA: Rubus botryeros (B), R. longithyrsiger (L) and R. 
peninsulae (P) 
 
Table 29: Arrangement of British/Irish Rubi (Babington 1869) 
 
SECTION SUBSECTION GROUP SUB-GROUP 
Herbacei Saxatiles   
 Arctici   
Frutescentes Idaei   
 Fruticosi Suberecti  
  Rhamnifolii  
  Villicaules Discolores 
   Silvatici 
   Spectabiles 
   Radulae 
  Glandulosi Koehleriana 
   Bellardiani L 
  Caesii  
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Table 30: Arrangement of British/Irish Rubi (Rogers 1900) 
 
SECTION SUBGENUS GROUP 
Herbacei Cylactis  
 Chamaemorus  
Frutescentes Idaeobatus  
 Eubatus Suberecti 
  Subrhamnifolii 
  Villicaules 
  Discolores 
  Silvatici 
  Vestiti 
  Egregii 
  Radulae             B  
  Sub-Koehleriana 
  Sub-Bellardiani  B L 
  Koehleriana 
  Bellardiani 
  Caesii 
 
 
Table 31: Arrangement of British/Irish Rubi (Watson 1958) 
 
SUBGENUS SECTION SUBSECTION SERIES SUBSERIES 
Cylactis     
Chamaeorus     
Idaeobatus     
Glaucobatus     
Glaucobatus 
X Rubus Triviales    
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Idaeobatus X 
Rubus Suberecti   Suberecti veri 
    Semisuberecti 
Rubus Silvatici Virescentes Eugrati  
   Calvescentes  
   Piletosi Macrophylli 
    Pyramidales 
  Discoloroides Properi  
   Subvirescentes  
   Subdiscoloroides  
   Imbricati  
 Discolores  Gypsocaulones  
   Hedycarpi  
   Candicantes  
 Sprengeliana    
 Appendiculati  Vestiti Nemorenses 
    Virescentes 
    Hypoleuci 
   Mucronati  
   Dispares  
   Radulae  
   Apiculti Foliosi 
    Pallidi 
    Scabri     L P 
    Obscuri    B 
    Incomposti 
    Grandifolii 
 Glandulosi  Hystrices  
   Euglandulosi  
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Table 32: Arrangement of British/Irish Rubi (Edees & Newton 1988) 
 
SUBGENUS SECTION SUBSECTION SERIES 
Cylactis    
Chamaemorus    
Anoplabatus    
Idaeobatus    
Rubus Caesii   
 Corylifolii   
 Rubus Rubus  
    
  Hiemales Sylvatici 
   Discolores 
   Sprengeliana 
   Vestiti 
   Mucronati 
   Anisacanthi 
   Radulae  B L P 
   Micantes 
   Hystrices 
   Glandulosi 
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Table 33: Arrangement of British/Irish Rubi (Sell & Murrell 2014) 
 
SUBGENUS SECTION SUBSECTION SERIES 
Chamaemorus    
Dalibardastrum    
Cylactis    
Anoplobatus    
Idaeobatus    
Rubus Rubus Rubus  
  Hiemales Sylvatici 
   Rhamnifolii 
   Sprengeliana 
   Discolores 
   Vestiti 
   Mucronati 
   Micantes 
   Anisacanthi 
   Radulae  B L P 
   Hystrix 
   Glandulosi 
 Corylifoloii   
 Caesii   
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Table 34: Arrangement of British/Irish Rubi (Kurtto et al. 2010) 
 
SUBGENUS SECTION SUBSECTION SERIES 
Idaeobatus    
Anoplobatus    
Rubus Rubus Rubus Rubus 
   Nessenses 
   Canadenses 
   Alleghenienses 
  Hiemales Discolores 
   Rhamnifolii 
   Sylvatici 
   Sprengeliana 
   Canescentes 
   Vestiti 
   Mucronati 
   Micantes 
   Anisacanthi 
   Radula 
   Pallidii   B L P 
   Hystrix 
   Glandulosi 
 Corylifolia Subidaeus  
  Sepincola Sepincola 
   Suberectigeni 
   Subthyrsoidei 
   Subsylvatici 
   Subcanesentes 
   Vestitiusculi 
   Subradula 
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   Hystricopsis 
 Caesii   
 Flagellates   
 Dalibardastrum   
Cylcatis   Xanthicarpi 
   Saxatiles 
   Humulifolii 
   Arctici 
Chamaerubus    
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Appendix D 
PERMISSIONS 
Image of basket by Geraldine Jones: 
 
From: Hilary Burns <hilary@basketryandbeyond.org.uk> 
Subject: Re: Use of image 
Date: 14 September 2015 16:48:11 GMT+01:00 
To: Keith Spurgin <keithspurgin1@gmail.com> 
 
Hi Keith  
You're welcome to use the photo (you could credit Geraldine Jones with any of 
those Bramble prep and the basket photo). 
Since that course I've used the left-over Brambles that we prepared for a couple 
of other basketry projects. 
Best wishes 
Hilary 
 
 
Image of a Rubus stem used to tie Hazel gads by Tim Rogers 
 
From: Tim Rogers <drtarogers@googlemail.com> 
Subject: Re: Brambles 
Date: 5 October 2015 20:55:31 GMT+01:00 
To: Keith Spurgin <keithspurgin1@gmail.com> 
 
Dear Keith, 
You are of course most welcome to use my photo of the Bramble tie used in the 
past to tie sheaves of corn that were used to make bundles of corn called either 
Shocks or Stooks depending on which part of Cornwall people came from. The 
last Stooks I saw were in the small field systems around Zennor but by then I 
think they were tied with binder twine. 
The hazel was twisted having been split when green to form a staple {gad} that 
opened out when pushed into a thatched ridge (my tie was holding a bundle of 
fresh cut hazel together that I always use for runner beans! 
It does work well as a tough binding material and I wanted to point out its use 
and you must note I am an enthusiast and by no means an expert.  
I reply to your request I hereby grant you permission to publish my photograph 
of a Bramble tie, subject to: 
 
this permission being in respect of your thesis that you are about to 
submit to Plymouth University only; and 
 
 my copyright in the photograph being acknowledged. 
 
Kind Regards 
Tim Rogers 
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Images of Rubus collection by Selina Bates 
 
From: Selina Bates <selba@live.co.uk> 
Subject: Fwd: Copyright 
Date: 5 October 2015 22:33:03 GMT+01:00 
To: Keith Spurgin <keithspurgin1@gmail.com> 
 
Dear Keith, 
Thank you for your enquiry about permission to use my photographic images in 
your thesis. Was it the photoshoot we did this summer? Of course you are very 
welcome to use any images I've sent you - and I hope all goes well with your 
work. Windowbox Books send you best wishes and I'm looking forward to 
working with you again when your ResM project is finished. 
Best regards, 
Selina 
 
PS Copyright to me if you like.  
 
 
Images of distribution maps by the Botanical Society of Britain and Ireland 
 
From: Alex Lockton <alex.lockton@bsbi.org> 
Subject: Permission to use data 
Date: 5 October 2015 16:27:08 GMT+01:00 
To: Keith Spurgin <keithspurgin1@gmail.com> 
 
Dear Keith 
 
In reply to your request you are hereby permitted to publish the following 
images of distribution maps of the following three species:  
 
  Rubus botryeros 
  R. longithyrsiger 
  R. peninsulae 
 
subject to the copyright of the Botanical Society of Britain and Ireland being 
acknowledged. 
Yours sincerely 
Alex Lockton 
Coordinator, BSBI 
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Images of Cambridge University herbarium specimens 
From: Christine Bartram <cb248@cam.ac.uk> 
Subject: CGE acknowledgment 
Date: 18 August 2015 17:29:18 GMT+01:00 
To: keithspurgin1@gmail.com 
 
Hello Keith 
 
Thank you for your email and hearty congratulations on the completion of your 
thesis! The person you are looking for is me, I have a copy of your request 
dated 4th January 2013 and I've been the only member of staff at CGE for the 
last four years. I normally ask authors to credit simply 'Cambridge University 
Herbarium' but if you would like to put a name for consistency with the rest of 
your acknowledgments then 'Christine Bartram' will be fine. 
 
With all best wishes Christine 
 
 
Images of National Museum of Wales herbarium specimens 
 
From: Sally Whyman <Sally.Whyman@museumwales.ac.uk> 
Subject: RE: Further Request 
Date: 1 November 2013 14:57:16 GMT 
To: Keith Spurgin <keithspurgin1@gmail.com> 
 
Hello Keith, 
Additional scans are on their way. 
If you could initially cite us as Welsh National Herbarium at National Museum of 
Wales (NMW) and then subsequently give NMW and each accession number 
after each scan please. Obviously we would need prior knowledge of anything 
being published. 
Kind regards, 
Sally  
 
Sally P. Whyman 
Curadur Cynorthwyol/Swyddog Mynediad i Blanhigion Fasgwlar 
Bioamrywiaeth a Bywydeg Gyfundrefnol (BBG) 
Assistant Curator/Access Officer for Vascular Plants 
Biodiversity and Systematic Biology (BioSyB) 
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From: Sally Whyman <Sally.Whyman@museumwales.ac.uk> 
Subject: Thesis publication 
Date: 3 August 2015 15:34:10 GMT+01:00 
To: 'Keith Spurgin' <keithspurgin1@gmail.com> 
 
Hello Keith, 
Thanks for your email. No, submitting your thesis isn’t publication in the sense I 
meant. The Museum would be interested in having a copy of your thesis for the 
library as it contains work on specimens held here. This could be in the form of 
a pdf. Please only do this at your leisure, once the pressure is off. 
Kind regards, 
 
Sally 
  
Ms Sally P. Whyman M.Phil. 
Curadur Botaneg 
Gwyddorau Naturiol 
Amgueddfa Genedlaethol Caerdydd 
Caerdydd 
 
Botany Curator 
Natural Sciences 
National Museum Cardiff 
Cathays Park 
Cardiff 
CF10 3NP 
029 20 573 345 
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Images of British Museum herbarium specimens: 
 
 
 
 
 
 
 
